Physiological demands of performance in Classical Ballet and their relationships with injury and aesthetic components by Twitchett, Emily
1 
 
  
 
 
 
 
 
Physiological demands of performance in Classical 
Ballet and their relationships with injury and aesthetic 
components 
 
An original contribution to knowledge 
By 
By Emily A. Twitchett BSc (HONS) GSR, RAD RTS, AISTD 
A Thesis submitted in partial fulfilment of the requirements of 
the University of Wolverhampton for the degree of Doctor of 
Philosophy 
 
 
2009 
 
This work or any part thereof has not previously been presented in any form to the 
University or to any other body whether for the purposes of assessment, publication or for 
any other purpose (unless otherwise indicated).  Save for any express acknowledgments, 
references and/or bibliographies cited in the work, I confirm that the intellectual content of 
the work is the result of my own efforts and of no other person. 
 
The right of Emily Twitchett to be identified as author of this work is asserted in 
accordance with ss.77 and 78 of the Copyright, Designs and Patents Act 1988.  At this date 
copyright is owned by the author. 
 
 
Signature……………………………………….. 
 
Date…………………………………………….. 
 
 
 
2 
 
Abstract 
At performance level, classical ballet is a form of high-intensity, intermittent 
exercise, requiring a strong aerobic foundation. Existing training methods have 
remained largely unchanged over the past century, resulting in poorly conditioned 
dancers who are prone to injury. The purpose of the thesis was to examine, through 
several inter-related studies, the demands of training and performance at 
professional level, and whether fitness levels of classical ballet dancers affect both 
aesthetic components of performance, and injury.  All participants were either in 
the final year of elite vocational training or were professional dancers. Initial, 
observational, investigations indicated that both rehearsal and performance posed a 
variety of demands on different ranks of dancer within a company’s structure, and 
depicted daily workloads which supported previous complaints of fatigue. Before 
examination of fitness or performance could begin, novel tools to assess both 
aerobic fitness, and performance proficiency in ballet dancers were designed and 
tested for reliability and validity. Both tests met with test-retest reliability standards, 
with 95% limits of agreement of ±6.2 ml.kg.-1min-1 for the aerobic test, and ±1.5 
points (out of 10) for the performance rating scale. High overall performance scores 
were then best predicted by high jumps of both legs and good active flexibility of 
the left leg (F=4.142, df=3, P=0.042). Following this, an intervention study 
investigated the effects of a period of supplemental fitness training, designed to 
enhance aerobic fitness, jump height and local muscular endurance, on the 
performance scores of a randomly assigned group of dancers. A control group 
continued with regular training. Performance scores at the outset of the study were 
compared to those following the intervention period. Overall scores for the 
intervention group increased by significantly more than those of the control group, 
(p=0.03), with greatest gains seen for control and skill, indicating that supplemental 
fitness training, specifically targeting aerobic and local muscular endurance, can 
help improve performance, particularly elements such as control and skill. Finally, 
two separate studies confirmed that low aerobic fitness and low body fat percentage 
were related to injury in ballet dancers. Further research needs to focus on fully 
ascertaining the physical demands of ballet, and whether better training dancers to 
meet these demands results in enhanced performance and reduction in injury.  
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1 Introduction 
Classical ballet as an art form dates as far back as the 16th century; however the 
study of science in relation to ballet has only become apparent within the last 20-30 
years. While dance scientists and some dancers and teachers have become aware of 
the benefits of increased fitness and improved healthcare within the dance world, 
this has not yet filtered to higher level management. Dance school and company 
directors are still reluctant to interfere with traditional training and rehearsal 
methods, regardless of any potential improvement to health and performance of 
their dancers.  
The first part of this chapter describes previous research in the field, and the aims, 
objectives and justifications for this thesis from a physiological standpoint. The 
second section discusses a major difference between sport and dance; can a 
performance be quantified in terms of ‘good’ or ‘bad’? This has implications for 
many researchers working the field of dance science, and in particular, the work 
undertaken in this thesis. 
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1.1 Reasons for the research 
1.1.1 Summary of previous research 
Much previous research involving classical ballet dancers has largely been focussed 
on injury, and associated risk factors such as anatomical characteristics (Reid et al. 
1987, Liederbach 2000), past medical history (Luke et al. 2002, Evans et al. 1998), 
menstrual history (Hamilton et al. 1985) dance experience (Evans et al. 1998), 
length of dance training (Evans et al. 1998), fatigue and stress (Hamilton et al. 
1989), and nutrient intake (Liederbach 2000, Yannakoulia et al. 2000) however 
aspects of physical fitness, in relation to injury have not been as fully investigated.  
 
While understanding other injury risks is extremely beneficial, contributing factors 
to both injury risk and performance quality are the physiological demands placed 
upon the dancer during class, rehearsal and performance. To date, these have only 
been partially investigated; several studies have attempted to quantify the 
cardiorespiratory demands of class and performance (Schantz and Astrand 1984, 
Cohen et al. 1982a, Cohen et al. 1982b), however these were limited by the 
equipment available to the authors for data collection at the time of study. However, 
despite limitations, the work of these authors suggests that classical ballet is a form 
of high intensity, intermittent exercise. The demand for strength has only briefly 
been investigated  (Koutedakis et al. 2005), and, while dancers are generally 
expected to have a certain body type, and large ranges of motion, the effects of 
body composition and flexibility on dance performance and injury have also 
received little attention.  
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While ballet class, the primary method of training, may provide some strength, 
power, local muscular endurance and flexibility gains over time, it is largely aimed 
at increasing movement vocabulary, improving skill and developing musicality; in 
summary class focuses on mastery of the art form (Krasnow and Chatfield 1996) 
rather than developing physiological parameters. Due to its low-intensity nature, 
class is insufficient to develop aerobic fitness (Koutedakis 2004). However, 
differences in fitness levels have been observed among different groups of 
professional dancers; Schantz and Astrand (1984) found that soloists had greater 
levels of aerobic fitness than corps de ballet members, however Wyon and 
colleagues (2007) have more recently reported that principal dancers and corps de 
ballet members had a greater aerobic capacity than soloists.  However, there are no 
ballet-specific methods for assessing aerobic or anaerobic fitness levels; all 
previous research has involved testing dancers using cycling or running 
methodology, which may account for the lack of agreement between these two 
studies. The two companies may also have been rehearsing and performing 
significantly different material. It is hypothesised that these observed differences 
within and between studies are a direct result of the demands placed on different 
groups of dancers within a company structure, and that rehearsing and performing 
different roles have lead to various, differing fitness developments.  
As the primary method of training dancers is insufficient to develop fitness for 
performance, it is also hypothesised that when embarking on a new role, or moving 
ranks within a company, the dancer is initially unprepared, physiologically, for the 
demands which await them. Subsequently, these dancers may have to perform when 
their bodies are still in the process of adapting to the change in demand. This may 
result in fatigue, and associated reduction in skill level and increased injury risks.  
10 
 
Unfortunately, as little is known about the true demand of classical ballet, little can 
be done to better prepare dancers for the demands which they may face, particularly 
with regard to different roles within a company.  
 
Improving a dancer’s overall performance has also received little scientific 
attention. This may be due to the artistic nature of dance, and the difficulty faced 
when attempting to quantify a variable such as ‘quality of performance’, which 
many may perceive as largely subjective. Therefore, to date, no standardised 
method of assessing aspects of performance exists, despite that many dance 
organisations, schools and competitions do just that, and have done for many years. 
As competition for contracts within dance professional companies continues to 
increase, aspiring dancers are seeking new ways to improve their performance. 
While it is understood that fatigue may cause detriment to poise and skill (Baldari 
and Guidetti 2001), and strength and power may also affect performance 
(Koutedakis et al. 2007) there has been no investigation on whether increasing 
cardiorespiratory fitness  parameters may result in concomitant improvements in 
performance. 
In summary: 
• The true physiological costs of classical ballet class, rehearsal and 
performance remain largely unknown. 
• There exists no published reliable and validated method for assessing 
aerobic or anaerobic fitness levels which utilise classical ballet movement. 
• There exists no published reliable method for assessing performance, or 
aspects of performance quality within classical ballet. 
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• There are no published papers investigating possible relationships between 
various aspects of physical fitness and aspects of performance within 
classical ballet. 
• There is little or no research to suggest that fitness training can improve 
aspects of a ballet dancer’s performance. 
• There exists little published data regarding the relationship between various 
aspects of physical fitness and injury among classical ballet dancers. 
 
1.1.2 Research aims 
This work aimed to investigate the demands of classical ballet, devise a reliable 
method for assessing performance, and determine the strengths of any relationships 
between fitness, assessed using the most appropriate methodology, and  both 
performance and injury. 
 
The thesis is comprised of several studies which are inter-related. The first studies 
examined the actual physiological demands of classical ballet performance and 
class/rehearsal, via video analysis and physiological analysis methodology. The 
next phase of the project involved the development of two novel tools to be used in 
the current and future research projects. The first was a ballet-specific, multi-stage 
aerobic fitness field test, and the second was a tool used to assess classical ballet 
performance, and to rate performance numerically. Both tools designed and 
validated were then used to examine relationships between classical ballet 
performance and various fitness parameters. Following this, a group of dancers 
embarked on a 10 week intervention programme of fitness training and changes in 
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performance following this period were examined in both an intervention and a 
control group. 
Finally, fitness levels at the start of a performance season were compared with 
injuries sustained over that season, to examine any associations between injury and 
pre-season fitness levels. Following the outcome of this study, the associations 
between somatotype and body fat percentage and injury were further investigated. 
 
1.2 The research ‘dilemma’; can performance be quantified? 
Dance is an art form, therefore it’s artistic and expressive aspects are as important 
as the technical. Furthermore, a ‘good’ performance is extremely difficult to 
quantify, as it cannot be marked by achieving a certain speed, distance or winning a 
race or match. On few occasions where dance is competitive, judges mark the 
dancers subjectively on various different criteria such as technical accuracy and 
artistry (Anonymous 2007b, Anonymous 2007a). Where achievement during dance 
training is measured by examinations, government regulated bodies such as the 
Royal Academy of Dance and the Imperial Society of Teachers of Dancing conduct 
examinations and assessments where dancers are required to perform a series of 
training exercises, sequences and short dances in front of a single examiner and are 
rated numerically on criteria which cover technical aspects such as posture, clarity 
of line, body control and stability, rhythmical awareness, spatial awareness, and 
presentation as assessed by artistry, musicality, expression and interpretation  
(Anonymous 2004, Anonymous 2007c, Anonymous 2008a, Anonymous 2008b). 
However, many, if not all, of these criteria have degrees of subjectivity, and marks 
may differ from examiner to examiner. 
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Expressivity can be reliant on highly refined motor skills, detailed coordination and 
precision with timing. Although these skills are sometimes required in other sports 
such as gymnastics and figure skating, these aspects are only used to enhance 
physical accomplishment, however in dance sometimes the artistic aspect overrides 
technical skill for dramatic purpose (Liederbach 1997a). To achieve a fluid, elegant 
performance the dancer must have control over every joint in the body, requiring a 
balance between strength and flexibility (Quarrier and Wightman 1998). In a study 
where dance performance was measured (Vallet 1998), dancers were assessed on 
accuracy, timing, technical qualities and artistic qualities, however this is one of 
few studies which has assessed performance in this way. 
 Although dance performance is difficult to quantify, it can be measured by criteria 
such as control, artistry, technical accuracy and musicality. These aspects may be 
affected by factors including flexibility, strength and control, fatigue, pain, stress, 
injury or preparation (Baldari and Guidetti 2001, Quarrier and Wightman 1998, 
Vallet 1998). 
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2 Literature review 
(This section incorporates a review article accepted for publication by Journal of 
Strength and Conditioning Research, entitled ‘Physical fitness and classical ballet: a 
brief review’) 
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2.1 Exercise physiology relating to classical ballet 
2.1.1 Introduction 
While classical ballet may initially look different from most sports, at a 
physiological level it is similar in some respects to sports such as soccer and tennis, 
where explosive bursts of exercise are followed by moments requiring precision 
and skill (Allen and Wyon 2008). This would suggest that dancers may benefit 
from a good aerobic foundation (Allen and Wyon 2008), and high anaerobic 
threshold to limit the detrimental effects of blood lactate accumulation, such as a 
decrease in balance, poise and co-ordination (Baldari and Guidetti 2001).  Classical 
ballet is also similar to sports such as ice skating and gymnastics, in that it requires 
participants to have large ranges of movement, or flexibility (Deighan 2005), 
combined with sufficient muscular strength, power and endurance to maintain these 
ranges of motion (Koutedakis 2005, Deighan 2005), along with performing jumps 
and other transitory movements at a range of intensities (Twitchett 2009). 
Understanding the physiological demands of classical ballet first requires 
comprehension of the human physiology which supports these demands. The aim of 
the following section is therefore to explore the physiology of flexibility, muscular 
strength, power and endurance, along with the aerobic and anaerobic energy 
systems, and how these relate to classical ballet performance. 
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2.1.2 Flexibility 
Definition 
Gummerson (1990) described flexibility or mobility as “the absolute range of 
movement in a joint or series of joints that is attainable in a momentary effort with 
the help of a partner or a piece of equipment". However, Kurz (2003) goes on to 
describe different types of flexibility in more detail. Dynamic or kinetic flexibility 
refers to the ability to perform dynamic (or kinetic) movements of the muscles to 
bring a limb through its full range of motion in the joints. An example of this would 
be swinging the arms in a full circle, or a round-kick in martial arts; in classical 
ballet a similar movement is known as a renversé. Static-active flexibility, which is 
also known as active flexibility, describes using the strength of the individual to 
assume and maintain a position, for example lifting the leg and keeping it in a high 
lifted position without any other support again, as in a développé.  Static-passive or 
passive flexibility describes using one’s own body weight, or external support to 
hold a position, as in performing ‘the splits’. 
There appears to be a general consensus within sports medicine and allied health 
sciences that flexibility refers to the range of motion (ROM) available to a joint, or 
group of joints (deVries 1974, Hebbelinck 1988, Hubley-Kozey 1991, Liemohn 
1988, Chandler et al. 1990). It has also been suggested that this ROM is specific to 
a joint or joint action (Harris 1969, Holland 1968, Sady et al. 1982, Bryant 1984, 
Corbin and Noble 1980, Williford and Smith 1985). 
 
Physiology 
ROM at a joint is affected by many influences, both internal and external, such as 
elasticity of connective tissue, body temperature, time of day, gender and training 
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(Gummerson 1990). Some of these influences cannot be altered significantly, for 
example genetically determined joint structure, age and gender (Holcomb 2000). 
Most efforts to increase flexibility aim to reduce the resistance which occurs from 
the connective tissue surrounding a joint (Appleton 1996). The different types of 
tissue account for different amounts of stiffness within a joint, with the joint 
capsule and ligaments providing almost half of this stiffness at 47%, closely 
followed by the muscle fascia which provides 40%. Tendons and skin also provide 
resistance within a joint (Alter 2004). As the muscle has the most elastic tissue, 
most efforts to increase flexibility are aimed at the muscle (Alter 2004), however 
flexibility training should not be confused with muscle stretching exercise (Alter 
2004, Kisner and Colby 2002). Flexibility training seeks to train the many factors 
affecting ROM; these factors include activity level, physical restrictions to joint 
motion, for example muscle bulk or excess body fat, and strength (Holcomb 2000). 
  
Muscle stretching and the stretch reflex 
Nerve endings within the musculoskeletal system, proprioceptors or 
mechanoreceptors, detect any changes in tension or force within the body. One 
proprioceptor involved in stretching is the golgi tendon organ (GTO), which is 
sensitive to change in tension and the rate of this change in tension. A fast change 
in tension may trigger a stretch or myotatic reflex, during which the stretched 
muscle contracts in an attempt to resist the forced change. It is suggested that 
holding a stretch for a prolonged period of time may ‘override’ this reflex (Bandy et 
al. 2001).  
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Training 
Flexibility training focuses on increasing joint ROM by addressing factors affecting 
this ROM that can be altered. Methods may include increasing strength throughout 
the range of motion, or active flexibility (Deighan 2005) as well as increasing 
general levels of physical activity, enhancing pliability of  connective tissue and 
reducing restrictions to ROM such as excess body fat or muscle bulk.  However, the 
most pliable connective tissue in a joint is the muscle, and therefore most increases 
in ROM are gained from increasing muscle length (Alter 2004). Three main types 
of stretching techniques have become widely accepted in order to develop 
flexibility. These are static stretching, proprioceptive neuromuscular facilitation and 
ballistic stretching (Zakas 2005). All three methods have been shown to increase 
ROM immediately following stretching (Beaulieu 1981, Sady et al. 1982, Shrier 
2000), however static stretching appears to be the most commonly used due to ease 
of execution (Beaulieu 1981, Sady et al. 1982, Bandy and Irion 1994, Davis et al. 
2005).  This type of stretching takes the joint to its end of range and maintains the 
position for a specified length. Appropriate parameters for static stretching such as 
duration, frequency, number of repetitions have been explored by several authors 
(Roberts and Wilson 1999, Bandy and Irion 1994, Cipriani et al. 2003, Chan et al. 
2001, Ross 1999). Suggested durations range from 5 to 60 seconds, up to three 
times per day and up to five days per week, over 1 day to 8 weeks). The most 
effective length of static stretching programme remains unclear (Davis et al. 2005). 
Most studies incorporating static stretching have stretched the muscle to the point 
of discomfort (POD) (Behm and Kibele 2007). Indeed, very few studies have 
investigated muscle stretching at intensities less than POD. Young and colleagues 
(2006) reported increased ROM with stretches of two minutes duration at 90% of 
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POD, while Behm and Kiblele (2007) found increased ROM after four, thirty 
second stretches at 50%, 75% and 100% of POD . In this study, no significant 
differences were observed between the different stretching protocols; however the 
study had only ten participants in total. It has recently been hypothesised that 
stretching at an intensity level of 30-40% of POD, for sixty seconds duration,  is 
sufficient to increase pliancy of connective tissue (Apostolopoulos 2001). This 
particular method of stretching has proved to be effective among dancers, 
particularly to increase active ROM (Wyon et al. In press). 
 
Proprioceptive neuromuscular facilitation (PNF) stretching uses muscle inhibition 
techniques, to ‘relax’ the muscle before stretching to enhance the efficacy of the 
stretch (Kisner and Colby 2002). PNF techniques usually involve three muscle 
actions. Isometric and concentric muscle contractions are used to achieve self-
inhibition through Golgi tendon organ reflexes before a passive, or sometimes 
active, stretch is performed. During the stretch, the antagonist muscle contracts 
causing reflex inhibition of the muscle being stretched (Taylor et al. 1990). Three 
basic types of PNF stretching techniques exist; the hold-relax technique sees the 
participant hold the limb in a fixed position, against a partners resistance, before 
relaxing and allowing the partner to perform a passive stretch. The contract-relax 
technique involves the participant moving the limb through its range of motion 
against resistance, before relaxing and allowing the partner to perform a passive 
stretch. The third technique combines the hold-relax with an active stretch, 
performed by the participant as opposed to a passive stretch (Holcomb 2000). 
While this type of stretching has become popular among athletes and trainers, its 
effectiveness, and in particular, the most effective protocol in terms of volume and 
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duration of contraction or stretch, has yet to be determined (Bandy et al. 2001, 
Cornelius 1990, Kisner and Colby 2002, Osternig et al. 1987, Shellock and Prentice 
1985).  
Ballistic stretching typically involves repeated bouncing movements where muscles 
lengthen quickly and then immediately return to resting length (Taylor et al. 1990). 
This kind of stretching is considered less effective than other training methods 
(Anderson 2000, Beaulieu 1981, Beaulieu 1980, Ciullo and Zarins 1983, Davis 
1985, Hubley-Kozey and Stanish 1990, Sölveborn and Paton 1985, Stanish 1989), 
due to effects of the stretch reflex (Beaulieu 1980, Davis 1985). This type of 
stretching has also been associated with injury to the musculotendinous unit 
(Anderson 2000, Beaulieu 1981, Hubley-Kozey and Stanish 1990).  
 
Stretching and athletic performance 
Recent research has indicated that although passive stretching is commonplace 
among athletes, acute muscle stretching may reduce muscle force or power output 
in muscles at the hip, knee and ankle joints, as well as performance in vertical jump 
tests (Avela et al. 1999, Cornwell et al. 2001, Fowles et al. 2000, Kokkonen et al. 
1998, Nelson et al. 2001b, Nelson et al. 2001a, Young and Behm 2003). This may 
be explained by mechanical factors and by neuromuscular factors, for example 
changes in muscle stiffness and altered motor control (Marek et al. 2005). More 
recently it has been found that PNF stretching also has a detrimental effect on 
power output (Church et al. 2001, Marek et al. 2005).  
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2.1.3  Muscular Strength 
Strength, power and endurance are critical to the performance of most everyday 
activities, and athletic tasks (Stone et al. 2002). Strength and power are multi-
factorial in nature, and are often investigated simultaneously (Harris et al. 2007).  
 
Definition 
Strength has been defined by Harris et al. (2007), as “the peak force developed in a 
maximal, voluntary, isometric contraction, or as the maximum load that can be 
lifted for one repetition (1 RM)”p201. Other authors suggest that strength is also 
subject to conditions such as body position, movement pattern, velocity, contraction 
type and contraction force (Atha 1981, Sale 1991).  
 
Physiological response to strength training 
It is commonly seen that regular strength training causes an increase in muscle size 
after several months (Folland and Williams 2007). Scientific studies examining this 
have seen increases in muscle size over two to three months of training (Garfinkel 
and Cafarelli 1992, Housh et al. 1992, Tracy et al. 1999). Whole muscle growth, or 
whole muscle hypertrophy, has appeared to increase at the same rate as strength 
(Narici et al. 1996) however other authors have observed a disproportionate 
increase in strength compared to muscle size; studies of this nature may have been 
affected by the methodological problems associated with measuring muscle size 
(Folland and Williams 2007). Training status of the participants at the outset of the 
study should also be considered. 
Hypertrophic responses to training appear to be more prolific in studies 
investigating the upper body, compared with lower body muscles, when examining 
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previously untrained individuals (Wilmore 1974, Cureton et al. 1988, Welle et al. 
1996). Whole-muscle growth also varies within the individual muscles of a group, 
as well as along each individual muscle (Housh et al. 1992, Narici et al. 1996, 
Narici et al. 1989, Hakkinen et al. 2001). For example, it has been found that the 
rectus femoris muscle increases in size more than its neighbour, vastus lateralis 
(Housh et al. 1992) and that along the rectus femoris, hypertrophy varies along the 
muscle itself (Narici et al. 1996). This is most likely due to the loading patterns 
related to each training exercise (Folland and Williams 2007). There is some debate 
as to where within the quadriceps muscles the greatest hypertrophy occurs; several 
authors found it occurred at the mid-thigh area (Tracy et al. 1999, Hakkinen et al. 
2003), whilst others found more hypertrophy occurring towards the ends of the 
muscles (Narici et al. 1996, Narici et al. 1989).  
 
Muscle fibre hypertrophy and hyperplasia 
An increase in the cross-sectional area of individual muscle fibres, or fibre 
hypertrophy, is generally regarded as the main adaptation to long-term strength 
training (Folland and Williams 2007). Data exist to suggest that within a muscle, 
the type 2 fibres hypertrophy more rapidly during training (Campos et al. 2002, 
Staron et al. 1990, Tesch 1988, Thorstensson et al. 1976, Hakkinen et al. 1981), as 
occurring in short-term studies, however over time the type 1 fibres also increase in 
area (MacDougall et al. 1980, Hakkinen et al. 1981).  
Hyperplasia, or an increase in the number of muscle fibres, can add to the overall 
size of a muscle. This occurs after fibres split, or branch, and new muscle cells are 
formed (Reitsma 1969, Appell 1990). While the ability of muscle issue to 
regenerate is well-documented (Mauro and Bischoff 1979) the ethical implications 
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of counting the number of muscle fibres in humans in vivo makes investigating 
hyperplasia challenging. Low subject numbers and the variability of muscle fibre 
size may give inconclusive results (Folland and Williams 2007). Another way of 
estimating the fibre number is to divide the cross-sectional area of a muscle, usually 
determined by using scanning methodology, by the average fibre area measured in 
biopsy specimens. But this has also been deemed fairly unreliable. Therefore, the 
contribution hyperplasia makes to the overall increase in muscle size is largely 
unknown.  
 
Neurological adaptations 
There exists some debate regarding the neurological adaptations to strength training 
(Folland and Williams 2007). It has been suggested that neural adaptations are, in 
essence, changes in coordination and learning that result in improved muscle 
recruitment and activation, during a specific activity (Sale et al. 1983). Even 
movements which appear simple require a degree of skill in order to utilize the 
maximum amount of strength available (Nozaki et al. 2005); this inter- and intra-
muscular coordination is generally learned in the early phases of strength training 
(Rutherford and Jones 1986).  In some cases, strength has increased as a result of 
merely imagining muscle contractions. It is thought that imagining muscular 
contractions induces adaptations within the central nervous system (Zijdewind et al. 
2003, Sidaway and Trzaska 2005). 
Enhanced muscle activation after training could be due to an increase in motor-unit 
recruitment, or in the firing frequency of the motor-units (Folland and Williams 
2007). This appears to be dependent on the muscles being examined, as studies 
have found large muscles appear to rely on an increase in recruitment (Kukulka and 
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Clamann 1981, De Luca et al. 1982). While obtaining definitive evidence of 
increased recruitment is currently beyond the research techniques available (Folland 
and Williams 2007), increases in firing frequency can be measured using electro-
myography (EMG) recording techniques. Studies using these techniques have 
found increased firing frequency after strength training (Patten et al. 2001, Cutsem 
et al. 1998). Studies investigating motor neuron excitability found that strength 
training resulted in enhanced neural drive from spinal motoneurons, indicating 
increased firing frequency, and a rise in motoneuron excitability (Sale et al. 1983, 
Aagaard et al. 2002).  
 
Training recommendations 
It has been suggested that the optimum load or force required to develop strength, is 
dependent upon the functional task requiring the strength. It was suggested that if 
few contractions were to be performed, 90-100% of the maximal load should be 
lifted, with this load decreasing as the number of contractions increased. It was first 
thought that the motor unit activation patterns and biomechanical adaptations 
resulting from this loading provided sufficient evidence for this method (Sale and 
MacDougall 1981). However, more recent advances in research, regarding different 
loading schemes and the individual response to strength training, render this idea 
simplistic (Harris et al. 2007).  
A quantifiable relationship between the amount, the intensity and the frequency of 
any strength training regimen, and resultant muscular strength gain does not yet 
exist (Peterson et al. 2005). Indeed, several researchers within the field have 
recommended the benefits of low volume training versus high volume training 
(Carpinelli and Otto 1998, Feigenbaum and Pollock 1999), however it has been 
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argued that this assumes a universal relationship between volume of training and 
subsequent strength development. While the American College of Sports Medicine 
(ACSM) has issued guidelines for the development of strength (Kraemer et al. 
2002a), these have also been critically analysed, citing insufficient evidence to 
support the protocols (Carpinelli et al. 2004).  Meta-analyses examining the field, 
identified different relationship between intensity, frequency and volume of 
training, and increases in strength for different populations (untrained, trained and 
athlete). Maximal strength gains in untrained populations occurred after training at 
a lower intensity, than in recreationally trained non-athletes and athletes, however 
trained non-athletes and athletes experienced most strength gain training fewer days 
per week than untrained participants. These meta-analyses concluded therefore that 
the dose-response relationship between stimulus and strength adaptation differs 
between populations, and support the progressive training model issued by the 
ACSM (Peterson et al. 2005, Kraemer et al. 2002b).  
 
 
2.1.4 Muscular power 
Definition 
Power has been defined as the rate at which mechanical work is performed, or as 
the product of force and velocity (Harris et al. 2007, Abernethy and Jurimae 1996, 
Harman 1993, Sale 1991). Power is directly proportional to distance and force, but 
indirectly proportional to time. In many sports or physical activities, even in 
intermittent sports such as soccer, critical movements are often performed as 
forcefully and as quickly as possible, which requires power (Elliott et al. 2007). As 
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is for strength, it is understood that power can be affected by conditions such as 
body position and movement pattern (Sale 1991, Atha 1981).  
 
Physiology 
While strength directly related to power, is it the rate, or speed, at which this 
strength is utilised which determines power output. Theoretically, the mass of a 
muscle which generates power can be increased through training, (Coyle et al. 
1981). Within a human muscle, there are two main different types of fibres, type I, 
known as ‘slow twitch and type II, ‘fast twitch’. The classification of muscle into 
these types is predominantly determined by their histochemical staining for myosin 
adenosine triphosphatases (ATPase) (Staron and Pette 1986) which is related to the 
composition of the myosin heavy chain (Brooke and Kaiser 1970), which in turn 
determines the maximal velocity of muscle contraction (Barany 1967). The velocity 
of muscle contraction is also affected by fast myosin light chains (Sweeney et al. 
1988). The maximum velocity of contraction of human type II fibres is 
approximately three to five times higher than type I fibres (Fitts et al. 1989, 
Widrick et al. 1996). Skeletal muscle with more type II fibres has a higher content 
of enzymes for anaerobic energy supply, and greater force output at high speeds, 
but lower amount of aerobic-oxidative enzymes of energy supply, capillary density, 
blood flow, rate of lactate removal than in type I fibres (Colliander et al. 1988). It 
was initially thought that the distribution of these muscle types was purely 
determined by genetic factors (Komi and Karlsson 1979), however changes in this 
distribution have also occurred after periods of training (Coyle et al. 1981, 
Simoneau et al. 1985). Due to the characteristics of the muscle fibres it is widely 
accepted that high proportions of type I fibres are advantageous for the performance 
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of aerobic sports such as distance running, and that high proportions of type II 
fibres are more advantageous for the performance of anaerobic sports such as sprint 
running (Bosco et al. 1983, Bosco and Komi 1979, Sjodin et al. 1981, Inbar et al. 
1981, Sjodin and Jacobs 1981). Indeed, it has been found that endurance trained 
athletes have a higher proportion of type I muscle fibres than those engaging in 
more explosive-type activities such as sprinting or weight-lifiting (Gollnick et al. 
1972, Costill et al. 1976). 
Power athletes’ sports tend to be anaerobic in nature; either ‘anaerobic alactic’ 
sports for example, sports with brief, intermittent tasks requiring very high power 
output such as baseball, or ‘anaerobic lactate’ sports, such as soccer, or dance, 
requiring repeated high-intensity activity (Siff and Verchošanskij 2003). While 
these sports tend to use anaerobic energy systems, such as the creatine-phosphate 
system (Margaria et al. 1966),  aerobic metabolic pathways are utilised during 
recovery during and after activity, providing energy for lactate oxidation and 
resynthesis of phosophocreatine (Burleson et al. 1998).  
 
Training 
Power, or the ability to generate much force in a short amount of time, can be 
trained. While maximal strength at any speed is a contributing factor to power, 
higher velocities of strength training, using lighter resistances appear to increase 
force output at higher speed (Hakkinen et al. 1985). However, as observed with 
strength training, results following training interventions may differ depending on 
how ‘trained’ the participant was, prior to the intervention taking place (Komi and 
Hakkinen 1988). For example, if an athlete has a certain pre-existing level of 
strength and power, explosive power increases may not be observed in response to 
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traditional strength training; more specific training will be required (Hakkinen 
1989), and in order to enhance power output of trained athletes, more specialised 
training may be needed (Wilson et al. 1993). As power is a combination of force 
and velocity, to maximise power performance, both force and velocity need training 
(Newton and Kraemer 1994). Training at high velocity, and high intensity 
intermittent training has been shown to increase the size of type II muscle fibres in 
groups of previously untrained subjects, (Coyle et al. 1981, Simoneau et al. 1985) 
Power is also affected by the interaction of all muscles surrounding a moving joint. 
While an agonist muscle must be able to produce force quickly, the antagonist 
muscle must also be able to relax at the same time (Kreighbaum and Barthels 
1985). Therefore, specific skill and coordination are important factors to power 
output (Newton and Kraemer 1994).  
 
 
2.1.5 Local Muscular Endurance 
Definition 
Muscular endurance refers to the amount of force a muscle or muscle group can 
sustain before fatigue (Bigland-Ritchie 1984), and has been defined as “the ability 
to continue constant muscular movement for a long time” (Yamada and Fukunaga 
1977), in contrast to muscular strength, which refers to a very low number of 
repetitions. Muscular endurance can be related to any type of muscular work; 
studies have investigated endurance of isometric contractions, or the muscle 
contractions required to maintain a still position (Bemben et al. 1996, Yamaji et al. 
2004) and repeated bouts of dynamic contractions (Rana et al. 2008, Demura et al. 
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2008, Campos et al. 2002). While static, isometric exertion is easy to control, 
dynamic repeated activity is more akin to physical activity (Demura et al. 2008). 
 
Physiology 
Muscle fatigue is initially associated with intramuscular changes (MacIntosh and 
Rassier 2002, Bigland-Ritchie and Woods 1984, Cherry et al. 1998, Duchateau and 
Hainaut 1985). Factors which cause this fatigue include a lack of available ATP for 
processes within the muscle, and an inhibition of these processes as a result of 
metabolic byproducts (Hultman et al. 1990). Muscle contraction requires energy, 
which is released from the breakdown of ATP (Kroemer 1999). ATP is 
subsequently restored, or resynthesised using energy derived from nutrients such as 
carbohydrates, which are carried within arterial blood, as is oxygen. This blood 
supply also removes metabolic byproducts. Sufficient blood flow is therefore 
crucial for the muscle to continue contracting (Åstrand et al. 2003, Kahn and 
Monod 1989). Pressure within a muscle created by a strong contraction may 
compress the muscles own blood vessels, thus inhibiting its own circulation which 
in turn leads to fatigue. Weaker contractions can therefore be maintained for longer 
(Kroemer 1999).  
Metabolic by-products are also thought to play a part in this local muscular fatigue, 
either by adversely affecting ATP supply or by interfering with muscle contraction 
(Vollestad 1995).  
While most causes of muscular fatigue are located beyond the neuromuscular 
junction (Åstrand et al. 2003), processes in the nervous system also play a part. A 
decline in force may occur due to a reduction in the neural activation of the muscle. 
This might include a reduction in the propagation of muscle action potentials, a 
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change in factors affecting calcium release from the sarcoplasmic reticulum of the 
muscle cell, or the response of individual muscle cells to increased levels of 
calcium in the surrounding areas. This is known as ‘myofibrillar fatigue’ which is 
caused by a reduction in the number of active cross-bridges, or a reduction in force 
per active cross-bridge (Åstrand et al. 2003).   
 
Training 
Training to achieve a specific outcome, for example increased power or increased 
muscular endurance, requires manipulation of various variables within a training 
programme. These include muscle action, loading, exercises chosen and the order 
of these exercises, number of repetitions, length and number of rest periods, and 
repetition velocity. Any of these factors must be carefully controlled, depending on 
the chosen outcome of the training (Bird et al. 2005).  
Very light-to-moderate loads performed for multiple sets of high repetitions, with 
short rest intervals such as one minute are characteristic of local muscular 
endurance training (Kraemer and Ratamess 2004). Studies have shown that 
muscular endurance can be trained using conventional strength training 
programmes, although those including large (>20) numbers of repetitions of 60% of 
1RM appear to be more effective than other training protocols using greater 
resistance and lower numbers of repetitions (Hickson et al. 1980, Marcinik et al. 
1991, Rana et al. 2008, Campos et al. 2002).   
The number of sets of repetitions has also been investigated. Increases in muscular 
endurance have been reported following one set of exercises per session or three 
sets per session (Hass et al. 2000). Where three sets were performed, participants 
had three to five minutes rest between sets.  Slightly greater gains were observed 
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following the three-set training programme as opposed to those performing one set 
or repetitions over the 13-week period. It should be noted that the participants in 
this study were recreational weight-lifters rather than trained athletes. 
 It has been suggested that different lengths of rest between sets will affect local 
muscular endurance (Ahtiainen et al. 2005, Pincivero et al. 1997, Robinson et al. 
1995), however it has also been reported more recently that training involving rest 
periods of both one and four minutes induced similar gains in terms of endurance 
(Garcia-Lopez et al. 2007). Reducing recovery between sets is an important 
stimulus to develop local muscular endurance as it promotes necessary adaptations 
within the muscle, for example increased capillary and mitochondria number, fibre 
type transitions and buffer capacity (Kraemer and Ratamess 2004). Depending on 
the number of repetitions performed, it appears that fast, moderate and slow 
velocities are all effective (Campos et al. 2002, Dudley et al. 1991). Where a slow 
velocity is used, the repetition number should be moderate, however where a faster 
velocity is used, a higher repetition number can be used, resulting in similar 
durations of either set (Kraemer and Ratamess 2004).  
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2.1.6 Energy Systems 
Energy is required for all physical work. There are several ways in which the body 
converts chemical energy into mechanical energy to fuel the muscles during 
exercise. The first uses phosphocreatine, which, while only available in small 
amounts, can act upon sudden increases in energy demand. Carbohydrate is used in 
all types of physical activity but its use is primarily in moderate to intense exercise, 
while fat is the primary source of fuel for endurance exercise (Greenhaff et al. 
1993). Through several biochemical reactions, energy in nutrients is transferred into 
adenosine triphosphate (ATP). In an ATP molecule, the adenosine molecule is 
attached to the three phosphate molecules via high-energy bonds. When one of 
these bonds breaks down, forming adenosine diphosphate (ADP) and a single 
phosphate (Pi), energy is released. As there are restricted amounts of ATP within a 
cell, it needs to be regenerated, or resynthesised (Marieb 2001).  
 
The mitochondrial, aerobic system of ATP production provides much of the energy 
required for low- to moderate-intensity exercise, for example during early barre 
exercises within a ballet class. Once exercise intensity increases above a certain 
point, aerobic pathways cannot meet this demand, and ATP synthesis also begins to 
occur as a result of anaerobic pathway. As the intensity of the exercise increases, as 
do the role of anaerobic processes (Åstrand et al. 2003). There are two main 
processes by which energy is yielded, anaerobically. These are the ATP-
Phoshocreatine (PCr) system, and the fast glycolytic system. While these anaerobic 
pathways harvest roughly 5% as much ATP from a glucose molecule as does the 
aerobic pathway, ATP production is two and a half times faster, however 
subsequent by-products may result in muscle fatigue (Marieb 2001). 
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All of these processes occur simultaneously, rather than in succession. 
ATP-PCr system 
There is a small amount of ATP within the muscle to power several contractions. 
Creatine phosphate is a high-energy molecule stored in muscle and joins with the 
resultant ADP to create ATP and Pi (Marieb 2001). This system provides very high 
energy, but lasts less than 10 seconds during maximal effort (Åstrand et al. 2003). 
The reaction is reversible and creatine phosphate stores are replenished during rest 
periods. A single bout of high intensity exercise lasting a few seconds will result in 
decreased PCr stores, however if this bout is any longer, anaerobic glycolysis will 
also be needed in order to provide energy (Gaitanos et al. 1993). 
 
The fast glycolytic system 
Even more ATP is generated by the catabolism, or breakdown, of glucose. During 
this phase, glucose is broken into two molecules of pyruvate, and at this stage some 
of the energy released is utilised to form ATP molecules. In situations of low- to 
moderate-intensity activity, the pyruvate enters the aerobic pathways within the 
mitochondria to generate more ATP. However in more intensive exercise, oxygen 
delivery to the muscle is impaired, possibly by the muscular contraction itself. Due 
to rising amounts of pyruvate within the cell, it is converted to lactate, and, as a 
consequence of this process, the pH within the muscle decreases, which may affect 
muscular contraction adversely (Sahlin 1992). The exercise intensity at which the 
levels of blood lactate increase above resting levels is known as the lactate 
threshold (Jones and Carter 2000). This threshold can be increased as a result of 
endurance training, and therefore allows an individual to work at a higher intensity 
34 
 
without the accumulation of lactate (Wells and Pate 1988), or before becoming 
fatigued (Jones and Carter 2000).  
 
2.1.7 High-intensity, intermittent exercise 
Several authors have determined classical ballet to be a high intensity, intermittent 
exercise form (Schantz and Astrand 1984, Cohen et al. 1982a, Cohen et al. 1982b, 
Twitchett 2009). In terms of repeated bouts of high intensity exercise, it has been 
suggested that higher levels of aerobic fitness aid the athlete in several ways; by 
producing energy via aerobic pathways for longer, thereby reducing the reliance on 
anaerobic glycolysis and subsequent by-products (Ekblom et al. 1968, Hagberg et 
al. 1980, Cerretelli et al. 1979),   by providing the athlete with greater ATP/PCr 
stores at the outset of exercise (Park et al. 1988) and by enhancing the removal of 
by-products associated with these pathways such as lactate, as a result of increased 
capillary density (Tesch and Wright 1983).  
During this type of exercise, the major pathways used for ATP resynthesis are the 
two anaerobic pathways detailed above (McCartney et al. 1986, Spriet et al. 1989, 
Withers et al. 1991), however after repeated bouts, the ATP output from these 
processes declines and there is an increase in reliance upon the aerobic pathways 
(Bogdanis et al. 1996, Spriet et al. 1989). 
The ability to recover between bouts of high-intensity, intermittent exercise is 
important for many activities. Due to the increased reliance on aerobic pathways in 
this type of exercise, it has been suggested that a certain amount of aerobic fitness 
is required for optimum performance (Allen and Wyon 2008, Thoden 1991, Rhodes 
and Twist 1990). Oxygen is required during recovery, to help restore metabolic 
processes to pre-exercise states (Tomlin and Wenger 2001). This recovery happens 
35 
 
via two phases; the first, characterised by rapid decline in oxygen consumption and 
heart rate, is when tissue stores of oxygen are replaced and ATP and PCr within the 
muscle are restored. This restoration is complete after three to five minutes 
(Gaesser and Brooks 1984, Hultman et al. 1967). It has been suggested that this 
restoration is controlled by the rate of oxidative metabolism in the muscle; where 
there is better circulation, more PCr is regenerated (Yoshida and Watari 1997, 
Taylor et al. 1983, Colliander et al. 1988). The second phase of the recovery 
process is when lactate and hydrogen ions are removed or converted back to ATP, 
and is when the cost of the increased respiratory and cardiac function, along with 
the cost of glycogen resynthesis are recouped (Gaesser and Brooks 1984, Sahlin 
1992, Brooks et al. 1971). Recovery is complete when metabolism returns to pre-
exercise levels, which may take up to an hour (Karlsson and Saltin 1971). 
Depending on the intensity and duration of the exercise this may take longer. 
In repeated exercise bouts, with short rest periods, the ATP/PCr supply may only be 
partially restored which may result in compromised performance on subsequent 
bouts (Gaitanos et al. 1993). As the levels of ATP/PCr become progressively 
reduced there will be an increased reliance upon the fast glycolytic system to 
provide energy (Gaitanos et al. 1993, Yoshida and Watari 1993, Wootton and 
Williams 1983). This will result in more lactate production and a fall in muscle pH, 
potentially causing fatigue, and a detriment to performance, while also affecting 
recovery for subsequent exercise, since the rate of PCr resynthesis, the ATP 
concentration and the rate of oxidative phosphorylation are influenced by the 
metabolic environment of the muscle (Jansson et al. 1990, Tesch and Wright 1983).  
While short rest periods and an increased reliance on fast glycolysis would suggest 
an increase in lactate over repeated exercise bouts, several studies have 
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demonstrated that the accumulation and production of muscle lactate is reduced 
when exercise is repeated (Spriet et al. 1989, Bangsbo et al. 1992a, Bangsbo et al. 
1992b). This suggests that while intense exercise causes a rise in lactate and the 
level of pH within the muscle, they are not the sole determinants of fatigue 
(Bangsbo et al. 1992a, Bangsbo et al. 1992b). It has been demonstrated that 
potassium accumulation within the cell may affect the processes, while the 
mechanism for this remains unclear, low pH does increase the release of potassium 
from the muscle cell (Bangsbo et al. 1996). 
 
Higher levels of aerobic fitness, as a result of endurance-type training (Ekblom et 
al. 1968, Jones and Carter 2000) may aid intermittent-type athletes by increasing 
the lactate threshold, by increasing the ability of the aerobic system to provide 
energy for longer. Better aerobic fitness will also enhance the recovery from 
anaerobic exercise (Thoden 1991), by aiding the restoration of muscle to its pre-
exercise state, by improving lactate and potassium removal and enhancing PCr 
regeneration (Tomlin and Wenger 2001).  It is therefore logical to suggest that 
athletes who perform predominantly intermittent types of exercise ought to have a 
good level of aerobic fitness. 
It should be noted however, that studies have shown that power development, for 
example, jump height, becomes impaired if an athlete incorporates a moderate to 
high amount of sustained aerobic exercise into their training (Hennessy and Watson 
1994, Kraemer et al. 1995, Dudley and Djamil 1985). This affect may occur via 
neuromuscular and endocrine adaptations (Elliott et al. 2007). It has also been 
suggested that if an athlete with a pre-existing training schedule introduces high 
levels of aerobic training without subsequently decreasing other activities, they may 
37 
 
place themselves at risk of overtraining, or suffering a “long-term decrement in 
performance, resulting from excessive volume and intensity of training”p80 
(Kuipers and Keizer 1988). Insufficient recovery, leading to residual fatigue may 
cause this situation, and may not only affect the athlete’s skill acquisition, and 
power production, but also leaves them vulnerable to injury (Elliott et al. 2007).  
Therefore, while a good aerobic foundation is recommended for athletes 
participating in high-intensity, intermittent exercise forms, such as classical ballet, 
an excessive amount of aerobic training may also result in performance decrements, 
and the risk of overtraining.  
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2.2 The demands of classical ballet performance and fitness levels 
of classical ballet dancers  
 
2.2.1 Introduction 
It has been suggested that there are two factors which differentiate dance from sport 
(Liederbach 2000); expressivity, and extreme range of motion at the ankle and hip 
joints. However, it may be argued that sports such as artistic and rhythmic 
gymnastics have similar expressive characteristics and ranges of motion (Baldari 
and Guidetti 2001). In terms of similarities with sport, the physiological demands of 
dance reflect other sports; for example classical ballet has been defined as 
predominantly an intermittent type of exercise (Schantz and Astrand 1984), similar 
to sports such as soccer and tennis, where explosive bursts of exercise are followed 
by moments requiring precision and skill. For that reason it has been suggested that 
dancers would benefit from a good aerobic foundation (Allen and Wyon 2008), and 
high anaerobic threshold to limit the effects of blood lactate accumulation, such as a 
decrease in balance, poise and co-ordination (Baldari and Guidetti 2001).  
An early investigation into physiological demands of dance reported a dancers’ 
workload of ‘moderate to heavy’ (Cohen 1980), although the specific demands of 
this workload were not specified. More recent work has begun to examine the 
demands of classical ballet on the body by investigating aspects such as the 
cardiovascular system, muscular strength and power, flexibility, anthropometry and 
agility. In order to better prepare classical ballet dancers to excel in their art, it is 
imperative that those working with dancers understand the demands placed on the 
body in order that training can be designed to meet the necessary requirements. 
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Therefore, the main purpose of the present article is to review the current opinion 
regarding the various demands that classical ballet poses on several fitness systems; 
the cardiorespiratory system, the muscular system (power, endurance and strength) 
and the musculoskeletal system. Fitness levels of classical ballet dancers will be 
discussed, along with body composition and agility, particularly with regard to 
meeting the demands of classical ballet repertoire.  
 
2.2.2  Physiological Demands of Classical Ballet 
Class 
 
With the aim of identifying the physiological demands of the task, directly relevant 
to energy supply mechanisms, classical ballet class has been assessed using 
established scientific methodology (Schantz and Astrand 1984). It was found that a 
traditional ballet class consists of three distinctive phases: a) barre exercises, b) 
centre floor exercises of moderate intensity, and c) centre floor exercises of higher 
intensity, including jumps, travelling and mid-air turns. It was also found that each 
exercise during the first phase lasted for approximately 60-seconds followed by 30-
seconds resting, while for the second and third phases the corresponding values 
were 35- and 85-, and 15- and 75-seconds, respectively. For the same three phases, 
the dancers’ oxygen uptake (%VO2 max) was found to be 36%, 43%, and 46% of 
maximum, respectively. These values are similar to those found in a comparable 
study (Cohen et al. 1982b), suggesting that the barre section of a ballet class 
represents aerobic exercise of low to moderate intensity, and that during centre 
exercises the intensity increases. However, such intensities of body work are not 
adequate to stimulate aerobic system enhancements (Koutedakis 2004). It was also 
found that dancers’ heart rates, studied during ballet class, were below 70% of 
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maximum for long periods of time, peaking at 95% and 85% for males and females 
respectively (Cohen et al. 1982a). 
It should be worth noting that in these early studies oxygen uptake was measured 
using a Douglas bag, which may have restricted movement thus affecting the final 
results. It should also be noted that studies using heart rate and oxygen uptake data 
alone often give incorrect data of the time spent at high intensities, as heart rate and 
oxygen uptake remain elevated after the end of exercise to help recovery (Bot and 
Hollander 2000).  
 
Performance 
Oxygen uptake of professional dancers has also been assessed during studio and 
live performances (Schantz and Astrand 1984, Cohen et al. 1982b). During studio 
performance of specific solos or duets, oxygen uptake averaged 80% of maximum, 
while blood lactate concentration was about 10mM immediately after performance 
of the solo (Schantz and Astrand 1984). During performances of ballets before live 
audiences heart rates were noted as being frequently close to maximum  (Schantz 
and Astrand 1984, Cohen et al. 1982a) and the average peak blood lactate value for 
live performances was 11mM, slightly higher than those found for studio 
performances. Oxygen uptake was estimated immediately after the performance 
and averaged 85% of VO2 max which, again, was slightly higher that for studio 
performances. However, although these data show that dancers worked at high 
%VO2 max, the level was only sustained for very short periods of time, resulting in 
little, if any, development of the aerobic system (Koutedakis 2004). 
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Heart rates of classical ballet dancers during the full length of classical ballet 
productions on stage were also examined (Cohen et al. 1982a). Values increased 
rapidly during the first one to two minutes of dancing and often approached near-
maximal levels. During the allegro (jumping) sections of performance, the mean 
peak heart rate for all subjects reached 94% of maximum. These values are similar 
to heart rate responses during strenuous athletic events, such as short- and middle-
distance running. The work-rest ratios during allegro sections ranged from 1:1.6 to 
1:3, which are similar to those seen in racquet sports such as squash or tennis 
(Glaister 2005). Slower adagio sections, which are lower in intensity and involve 
balances and controlled movements, were sustained for longer periods, and 
produced lower heart rates compared to allegro sections. However, there were no 
instances where dancing was sustained at a level of cardiovascular stress which 
may be classified as aerobic endurance exercise (Cohen et al. 1982b). 
More recent work in this area has since questioned the use of heart rate as a 
predictor of VO2 in dance (Redding et al. 2004). This does mean that to date, there 
has been little, or no, research investigating the cardiorespiratory demands of 
classical ballet performance where true gas analysis has occurred. It should also be 
noted that blood lactate samples taken in early studies were taken from the finger 
(Schantz and Astrand 1984). More recent testing guidelines suggest that blood 
lactate samples are more reliable if taken from the earlobe (Hollmann 2001). 
 
2.2.3 Aerobic Capacity of Classical Ballet Dancers  
Various authors have investigated the aerobic capacity of classical ballet dancers, 
using laboratory-based maximal exertion tests. The results of these can be seen in 
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table 2-1, which also details maximal oxygen uptake of athletes participating in 
various different sports.  
 
Studies of whole ballet companies initially found that mean maximal oxygen uptake 
was higher in soloists (by 5%) than for members of the corps de ballet, however 
this study only investigated soloists and corps de ballet, and did not include any 
principal dancers (Schantz and Astrand 1984). More recently, differences between 
dancer levels have been found, with principal dancers and artists having 
significantly greater relative peak VO2 than first artists and soloists (P<0.05) (Wyon 
et al. 2007). This contradicts other studies (Cohen et al. 1982b) where it was found 
that all dancers had similar cardiovascular profiles, regardless of rank in the 
company.  
 
Initial investigations into aerobic capacity found that female ballet dancers had a 
mean VO2 max of 41.5 ± 6.7 ml.kg-1.min-1, while sedentary females of a similar age 
range had a mean VO2 max of 36.8 ± 5.5  ml.kg-1.min-1 (Novak et al. 1978). These 
results are supported by similar results (Cohen et al. 1982b) where scores ranged 
from 40.9 to 50.9 ml.kg-1.min-1 for female dancers, and 43.8 to 51.9 ml.kg-1.min-1for 
male dancers. However, higher results were found in a slightly later study which 
reported that the female dancers tested had a mean VO2 max of 48.6 ± 1.3  ml.kg-
1
.min-1 while males had a mean VO2 max of 59.3 ± 2.0 ml.kg-1.min-1 (Mostardi 
1983).  A similar study reported slightly higher female values, but lower male 
values than previously (Mostardi 1983); 56 ml.kg-1.min-1 for male dancers and 51 to 
53 ml.kg-1.min-1for females (Pekkarinen 1989). Recent findings sit within the range 
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of results previously reported (Novak et al. 1978) where female ballet dancers had a 
mean VO2 max of 50.22 ± 12.6 ml.kg-1.min-1 (Oreb et al. 2006).  
 
In a comparison between professional and university (USA) level female ballet 
dancers and professional and university (USA) level contemporary dancers (White 
et al. 2004) it was found that professional ballet dancers had mean VO2 max scores 
of 42.2 ± 2.9 ml.kg-1.min-1 . This study found that these scores were lower than both 
university level ballet dancers, and both groups of contemporary dancers.  
Cardiovascular adaptations to training and performance may also be seen when 
observing the heart, using various cardiography tools, such as those used by Cohen 
and colleagues (Cohen 1980). In this study it was found that dancers have some 
changes to the heart as seen in other athletes, such as sinus bradycardia, sinus 
arrhythmia and left ventricular hypertrophy.  
Table 2-1 Maximal oxygen uptake in dancers, compared to other activities 
Activity Mean VO2Max   - Male 
(ml.kg-1min-1) 
Mean VO2Max  - Female 
(ml.kg-1min-1) 
Dance (non-specific) 
(Koutedakis 2004)  
48  
Dance – Ballet 
 (Novak et al. 1978, Cohen et 
al. 1982b, Mostardi 1983, 
Oreb et al. 2006, Pekkarinen 
1989) 
 
48 
51 to 53 
56 
59.3 
40.9 to 50.9 
41.5 ± 6.7 
42.2 ± 2.9 
48.6 ± 1.3  
50.22 ± 12.6 
Long distance running 
(Koutedakis 2004) 
77   
Triathlon (Koutedakis 2004) 75   
Rowing (Koutedakis 2004) 70  
Middle Distance running 
(Koutedakis 2004) 
69  
Squash (Koutedakis 2004) 62  
Soccer (Koutedakis 2004) 57  
Gymnastics  
(Koutedakis 2004) 
55  
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2.2.4 Muscular Power and Endurance 
It has been suggested that there are two main requirements necessary for dancers 
(Koutedakis 2004); one is a large reserve of power, required for explosive jumps 
and high elevation, which lasts just a few seconds, energised by phosphocreatine; 
and the other requirement suggested is muscular endurance, and occurs when a 
relatively high power output is maintained for 30-60 seconds. This could be, for 
example, in a series of jumps. This endurance can be measured by the amount of 
blood lactate that can be tolerated. It was reported that professional ballet dancers’ 
peak blood lactate levels, following a Wingate test for anaerobic capacity, were 
lower than both university level ballet dancers and professional and training 
contemporary dancers (Chmelar et al. 1988a). In this study, professional ballet 
dancers had a mean peak blood lactate level of 6.0 mmol±1.5, while university 
level ballet dancers had a mean level of 9.5mmol ±0.9. It was suggested that these 
low values indicate that professional ballet dancers have a low capacity to tolerate 
anaerobic exercise as compared to the other three groups. It may also be that the 
movement economy of professional ballet dancers is so efficient that this system is 
not challenged whilst dancing, as a large percentage of the working day is devoted 
to honing technical skill. As classical ballet has previously been described as a 
high- intensity intermittent type of exercise, ideally dancers ought to be able to 
tolerate exercise of this nature (Cohen et al. 1982b). This is supported by an 
investigation in which blood lactate levels reached up to 11mM in performance, 
where during class levels reached 3mM (Schantz and Astrand 1984). This may 
suggest that class is not sufficiently demanding to prepare dancers effectively for 
performance. 
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Another technique used to measure power in dancers is vertical jump height. A 
study of adolescent male ballet dancers (N=27) reported a mean jump height of 
31cm (Pekkarinen 1989), while a study of adolescent female ballet dancers (n=22) 
reported a mean jump height of 32.4±4.6 (Claessens 1987). Tests of professional 
dancers show a much greater jump height. This can be seen in Table 2-2 (Wyon et 
al. 2007). 
 
Anaerobic power measurements of adolescent dancers have also been reported 
(Pekkarinen 1989, Padfield 1993). Power in males, after jumping test of 30 jumps 
was reported as 9.5±0.06 WKg-1 for prepubertal males and 10.7±0.9 WKg-1 for 
pubertal males (Pekkarinen 1989). Wingate testing in premenarcheal dancers 
resulted in average power of 6.6±0.7 WKg-1 for vocational dancers (N=24) and 
6.2±0.9 WKg-1  for recreational dancers (Padfield 1993). 
 
Table 2-2 Mean jump height in centimetres (Wyon et al. 2007) 
Female 
Artist 
(n=15) 
Male 
Artist 
(n=8) 
Female 
First Artist 
(n=2) 
Male  
First Artist 
(n=4) 
Female 
Soloist 
(n=7) 
Male 
Soloist 
(n=4) 
Female 
Principal 
(n=4) 
Male 
Principal 
(n=5) 
37.3 
±5.63 
50.8 
±7.94 
39.0 
±2.82 
50.8 
±7.94 
39.2 
±5.74 
55.3 
±4.99 
33.0 
±1.41 
50.5 
±3.79 
 
2.2.5 Muscular Strength 
Although enhancements in dance performance may occur as a result of an 
improvement in the force a muscle group can generate (Koutedakis and Sharp 
1999), muscular strength has not generally been considered as a necessary 
ingredient for success in dance (Koutedakis and Sharp 2004). Nevertheless, it has 
been found that dancers had greater hip external rotation strength (angle-specific 
46 
 
torque) compared to non-dancers (Gupta et al. 2004), while university level dancers 
lack in strength of the hamstring muscle group, abdominals, the upper torso, arms 
and the front of the lower leg (Gudde Plastino 1990). For instance, isokinetic 
dynamometry revealed that ballet dancers have lower muscular strength in the 
torso, quadriceps and hamstrings compared to weight-predicted strength norms 
(Koutedakis et al. 2005). This may be explained by the fact that dancers’ skeletal 
muscle makes up approximately only two-fifths of total body weight (Yannakoulia 
et al. 2000) and that their muscles have a high percentage (63% ± 12%) of type I 
muscle fibres (Dahlstrom et al. 1987).  
Dancers may be wary of strength training over fears that hypertrophy may occur, 
which, for aesthetic reasons, dancers are keen to avoid. It has been noted, 
nonetheless, that weight training can increase strength without necessarily resulting 
in hypertrophy due to neuromuscular adaptations (Gudde Plastino 1990). It has also 
been found that supplemental resistance training for hamstrings and quadriceps can 
lead to improvements in leg strength and dance performance without interfering 
with key artistic and physical performance requirements in male (Koutedakis et al. 
1996) and female (Koutedakis and Sharp 2004) dancers. 
Table 2-3 contains raw data from strength testing of classical ballet dancers. 
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Table 2-3 Isokinetic Peak Torque measurements of the right leg 
 
K-ext 
(30°/sec) 
K-flex 
(30°/sec) 
K-ext 
(60°/sec) 
K-flex 
(60°/sec) 
K-ext 
(180°/sec) 
K-flex 
(180°/sec) 
H-Abd 
(60°/sec) 
H-Add 
(60°/sec) 
A-PF 
(30°/sec) 
A-DF 
(30°/sec) 
A-PF 
(60°/sec) 
A-DF 
(60°/sec
) 
Professional female 
(n=9) 
(Chmelar et al. 
1988a) 
  73.7±12.4 50.5±6.7
 
46.5±11.4 42.3±9.9       
Professional Female 
(n=14) 
(Hamilton et al. 
1992) 
  95.1±17.1 52.9±7.5   89.4±15.8 80.7±17.2   50.1±8.9 11.4±3.
3 
Professional Female 
(n=6) (Liederbach 
1997b) 
        *52.25±1.72 
**45.08±3.17 
*8.42±0.92 
**7.25±0.76 
*51.08±2.33 
**43.08±3.56 
*7.17±0
.75 
**6.67±
0.82 
Professional Female 
(n=11) 
(Mostardi 1983) 
107.3±7.3 64.5±3.6   54.8±2.4 40.6±1.5       
University female 
(n=10) (Chmelar et 
al. 1988a) 
  74.7±10.1 46.2±5.5 45.5±6.3 35.5±5.0       
 
            
Professional Male 
(n=14) (Hamilton et 
al. 1992) 
  127.4±17.3 75.8±9.0   112.1±19.0 96.4±23.6   71.0±9.3 16.4±3.
6 
Professional Male 
(n=6) (Liederbach 
1997b) 
        *62.0±1.7 
**63.0±4.59 
*12.92±2.62 
**13.83±3.31 
*61.0±3.95 
**59.67±7 
*11.08±
1.43 
**13.33
±3.78 
Professional Male 
(n=5)  
(Mostardi 1983) 
162.±11.2 87.5±10.3   95.7±9.5 58.3±6.0       
K-ext = Knee extension, K-flex = knee flexion, H-Abd = Hip abduction, H-Add = Hip adduction, A-PF = ankle plantar flexion, A-DF = Ankle dorsiflexion 
* with knee in extension, **with knee in flexion
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2.2.6 Anthropometry 
Low body fat and low waist-to-hip and waist-to-thigh ratios, seen among many 
dancers, are currently aesthetically favoured by the dance profession (Koutedakis 
and Sharp 2004). However, despite this trend, studies of the physiological demands 
of classical ballet training, rehearsal and performance, discussed previously (Cohen 
et al. 1982a, Cohen et al. 1982b, Schantz and Astrand 1984), show that dancing has 
a low energy expenditure, which, when exacerbated by the high level of movement 
economy observed in professional dancers,  make  maintaining aesthetic demands 
difficult to achieve. Consequently, the dietary intake of dancers, particularly female 
may be restricted. It was reported that female classical ballet dancers tended to be, 
on average only 75% of expected body weight (Cohen et al. 1982a). This restriction 
of nutrients has become recognised as a factor in delayed menarche, amenorrhea or 
oligomenorrhea, the consequent loss of bone mineral density, which may be a 
predisposing factor in the occurrence of bone injury (Clarkson 1998). The 
relationship between nutrient intake, body composition and other dance injuries has 
not been so thoroughly investigated to date. One study reported that although there 
was no difference in injury rates between dancers with diets deemed within the 
study to be ‘adequate’ and ‘inadequate’, those dancers with ‘inadequate’ diets 
suffered more severe injuries, and took longer to recover from them (Benson et al. 
1989). 
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Somatotypes of trainee ballet dancers have been documented as endo-ectomorphic 
and meso-ectomorphic, with small girth values and lower body weights than non-
dancers (Claessens 1987); it has been found that adolescent ballet dancers were 
slimmer and taller compared to normative data (Clarkson et al. 1989). Compared to 
reference values, it was reported that these adolescent ballet dancers smaller upper 
arms, but larger calves and ankles (Chmelar 1990), both supporting and 
contradicting earlier findings (Claessens 1987). In a study of Japanese female ballet 
dancers, it was found that subjects had significantly lower body mass and 
percentage body fat measurements than non-dancers, and for all extremities, the 
percentage of muscle was significantly larger, and the percentage of adipose tissue 
was significantly smaller, in the subject group (Kuno et al. 1996). 
Other studies have also shown that dancers have low body fat (Oreb et al. 2006, 
Stokic et al. 2005, Mihajlovic and Mijatov 2003, van Marken Lichtenbelt et al. 
1995, Chmelar 1990). It has been recommended (Chmelar 1990) that between 17% 
and 23% body fat was optimum for adult, university level, female dancers, however 
several studies have found that professional ballet dancers have mean body fat 
percentages varying from 14% (Oreb et al. 2006) to 17-19% (Stokic et al. 2005, 
Mihajlovic and Mijatov 2003, Yannakoulia et al. 2000, van Marken Lichtenbelt et 
al. 1995). Several of these studies were conducted using several different testing 
techniques for example, bio-electrical impedance analysis (Parazzini et al. 2000), 
hydrostatic weighing, dual x-ray absoptiometry (DXA) and skin-fold thickness 
measurements. One such study (Yannakoulia et al. 2000) found that skinfold 
measurements were the least accurate (n=42 females, mean age of 21±2), however 
another found no significant differences between BIA and skinfolds, but a 
significant difference between DXA and skinfolds (n=24 female, mean age 
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22.6±4.5). A similar study found that skinfold measurements were positively 
correlated with both BIA and DXA measurements supporting previous findings 
related to BIA but contradicting those regarding DXA (Eliakim et al. 2000). This 
study also had the largest sample size (n=59 female) but was conducted on 
adolescent (age 14-17) dancers. Results of these studies can be seen in table 2-4. 
The differences in sample sizes and ages between these studies may explain some 
of the variation in results. Recent work (Wilmerding 2005) reviewed many research 
papers regarding the various methods of body composition analysis, and advised 
that there are error margins to be considered with every method and that researchers 
comparing studies using different methodologies should take these error margins 
into consideration. 
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Table 2-4 Percentage body fat values in ballet dancers of different levels 
Subjects Type of measurement % Body fat  
Female professional 
(n=24) 
Underwater weighing 17.4±3.9 (van Marken 
Lichtenbelt et al. 
1995) 
Female professional 
(n=9) 
Skinfolds 14.1±1.9 (Chmelar et al. 
1988a) 
Female professional 
(n=39) 
Skinfolds *12.8±2.7 
**11.5±2.1 
(Micheli et al. 
2005) 
Female professional 
(n=30) 
Skinfolds 13.87±2.61 (Oreb et al. 
2006) 
Female professional 
– soloist (n=15) 
Skinfolds 12.7±2.59 (Misigoj-
Durakovic 2001) 
Female professional 
– artist (n=15) 
Skinfolds 14.6±2.06 (Misigoj-
Durakovic 2001) 
Female professional 
(n=9) 
BIA 19.1±4.7 (Chmelar et al. 
1988a) 
Female professional 
(n=24) 
DXA 16.4±4.1 (van Marken 
Lichtenbelt et al. 
1995) 
Male professional 
(n=29) 
Skinfolds *6.5±2.7 
**6.8±2.1 
(Micheli et al. 
2005) 
 
Female University 
level (n=10) 
DXA 19.9±1.5 (White et al. 
2004) 
Female University 
level (n=10) 
Skinfolds 14.2±3.2 (Chmelar et al. 
1988a) 
Female University 
level (n=10) 
BIA 19.1±2.4 (Chmelar et al. 
1988a) 
Female elite 
adolescent (n=14) 
Skinfolds  23.76±3.45 (Lopez-Varela et 
al. 2003) 
Female elite 
adolescent (n=59) 
Skinfolds  24.0±0.01 (Eliakim et al. 
2000) 
Female elite 
adolescent (n=42) 
Skinfolds  21.3±3.2 (Yannakoulia et 
al. 2000) 
Female elite 
adolescent (n=59) 
DXA 22.5±0.01 (Eliakim et al. 
2000) 
Female elite 
adolescent (n=42) 
DXA 19.4±4.3 (Yannakoulia et 
al. 2000) 
Female elite 
adolescent (n=59) 
BIA 20.9±0.01 (Eliakim et al. 
2000) 
DXA=Dual-energy X-ray absorptiometry 
BIA=Bio-electrical impedance analysis 
* = pre-performance season, ** = post-performance season 
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2.2.7  Flexibility 
It has been documented that classical ballet dancers have greater than normal 
flexibility in most lower extremity joints (Reid et al. 1987). An investigation 
reported that dancers have supernormal ankle plantar flexion, but that this was 
accompanied by diminished ankle dorsiflexion. Ballet dancers are more flexible in 
passive hip external rotation, flexion, abduction and knee extension than non-
dancers, but have less range of motion in passive hip adduction and internal 
rotation. Furthermore, this pattern is more pronounced in more experienced 
dancers, suggesting that it may be a direct result of dancing itself (Reid et al. 1987). 
A study involving students found that ballet students have a higher degree of hip 
flexibility than non-dancing students of a similar age (Claessens 1987). The need 
for this range of motion has been reinforced by suggesting that dancers who use a 
turn-out position which exceeds their available passive range of motion of external 
hip rotation are more prone to injury (Coplan 2002). Dancers, due to the demands 
of ballet technique, are also required to have greater than normal hyperextension of 
the spine, flexible hamstrings and abductors (Micheli et al. 1999). A recent 
comparison study also found that dancers had significantly greater inner hip 
external rotation than non-dancers (54±2 degrees, and 47±2 degrees respectively, 
p=0.013) (Gupta et al. 2004). The flexibility of 30 ballet dancers was assessed 
using the ‘Sit and Reach’ test (Oreb et al. 2006); the ballet dancers’ mean flexibility 
scores were 22.8cm ±4.12. This was compared to folk dancers, who scored 
12.41cm ±6.46. Other data regarding flexibility in both ballet and contemporary 
dancers can be seen in table 2-5. 
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Table 2-5 Reported ranges of movement in dancers 
Study Sex Style Mean Range of Movement (deg) 
Chatfield et al 
(Chatfield et al. 
1990) 
F Contemporary 117 (Forward hip flexion) 
 F Contemporary 29 (Hip hyperextension) 
Redding and Wyon 
(Redding and Wyon 
2004) 
M Ballet 141 (Lateral hip flexion - passive) 
 F Ballet 160 (Lateral hip flexion - passive) 
 M Ballet 95 (Lateral hip flexion - active) 
 F Ballet 131 (Lateral hip flexion - active) 
 
2.2.8 Agility 
There appears to be little published information regarding agility in classical ballet. 
An early study into the effects of various fitness components on modern dance 
performance did not find a significant relationship between agility and 
performance, however the methodology used to determine performance was non-
standardised, and the number of subjects is unknown (Bushey 1966). It has been 
suggested that ballet had higher demands on agility and balance than football, 
basketball, hockey, and baseball, however this information was subjective and 
anecdotal (Rimmer 1981).  Another study (Alricsson et al. 2003) found that dance 
training significantly increased the agility of cross country skiers who participated 
in dance training supplementary to cross-country skiing. In this study, agility was 
tested using a hurdle-test, where subjects jumped over and climbed under hurdles 
and were timed.  
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2.2.9 Summary 
In terms of the demands of classical ballet, there appears to be some consensus on 
performance being a high-intensity intermittent form of exercise, however 
compared to other high intensity intermittent sports, the literature reviewed has 
indicated that dancers have poorly developed physical parameters such as aerobic 
fitness, muscular power, endurance and strength. This poor underlying physiology 
may account for the high injury rates seen in classical ballet. The second national 
enquiry into dancers’ health and injury in the UK (Laws 2005) reported that 85% of 
professional ballet dancers reported at least one injury within 12 months. Over 50% 
of these injuries were to muscle, 50% were to joints, over 20% were tendon related, 
15% were bone related and over 5% were reported as ‘other’ (Laws 2005).  
Potentially the dancers’ neglected physical foundations, slightly offset by their 
highly developed economy of movement, leave them susceptible to fatigue.  This is 
turn has an effect on skill causing poor alignment, especially during landing and 
lifting, thereby exposing the body to inappropriate shear and rotational forces 
increasing risk of injury. This differentiates classical ballet from sports where 
athletes have a good reserve of physical fitness to ‘fall back on’ should problem 
with skill arise. It has been reported that dancers do not have this reserve (Allen and 
Wyon 2008). Therefore, once skill decreases due to fatigue, injury becomes more 
likely (Allen and Wyon 2008).   
As classical ballet is still dictated largely by artistic and aesthetic principles, ballet 
teachers, choreographers and artistic directors appear reticent to include regular 
supplemental training into a dancers’ schedule. Although it has been hypothesised 
that increased fitness may reduce injury rate, there are still concerns that 
supplemental training will affect the aesthetics of classical ballet dancers and their 
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performance. There has been some increase in the use of body-conditioning 
interventions such as Pilates, Feldenkrais and Alexander technique and these are 
popular among dancers. However, they have generally received little scientific 
validation.  
 
2.2.10 Recommendations for future research 
This review has shown that dance science literature to date has more emphasis on 
the aerobic demands of ballet, the aerobic capacity of dance and, perhaps due to the 
aesthetic nature of classical ballet, body composition has also been investigated 
more thoroughly than other aspects of fitness such as agility and flexibility. Results 
in many of the studies have differed, mainly due to different methodologies being 
employed. This is partially due to a lack of reliable, dance specific methods in 
existence. This observed difference in methods and results leads to the conclusion 
that more research on the subject needs to be carried out. 
 
Research into the demands of classical ballet indicates that it poses the same 
cardiorespiratory demands as similar high-intensity, intermittent sports. However, 
as the studies which lead to this conclusion were largely methodologically flawed, 
the true demands at class, rehearsal and performance level are still unknown.  There 
has also been little scientific investigation into other demands of classical ballet 
performance, such as strength, power, speed, agility and flexibility. Before dance 
scientists and strength and conditioning specialists can attempt to design 
interventions to improve performance, and to enhance fitness and wellbeing of 
dancers, the demands of classical ballet performance must be more thoroughly 
ascertained.  
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3 The demands of classical ballet 
This chapter includes 2 papers which have been accepted for publication by Journal 
of Dance Medicine and Science entitled ‘Video Analysis of Classical Ballet’ and 
‘The demands of a working day among professional female ballet dancers’ by 
Emily Twitchett, Yiannis Koutedakis, Manuela Angioi, Matthew Wyon. 
 
 
 
 
 
Having carried out a substantial review of the literature, it became clear that more 
research was deemed necessary; to better understand the physiological requirements 
of classical ballet. The gathering of this information can then allow estimation of 
the levels of fitness required for optimum performance, thus facilitating future 
comparisons between dancers’ ‘current’ versus ‘optimum’ fitness levels. 
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3.1 Video analysis of classical ballet performance 
  
3.1.1  Introduction 
Observational analysis of dance has largely been based upon examining 
choreographic elements from an artistic standpoint (Camurri 1999, Adshead-
Lansdale 1994, Jackson 1994). However, several authors (Wyon et al. 2002, 
Schantz and Astrand 1984, Cohen et al. 1982b) have documented the demands of 
dance performance in terms of work:rest ratios. Meanwhile, a system of time-match 
analysis has been devised for sports such as soccer, where the length of time 
performing activities of specific intensities, such as walking, or sprinting, were 
expressed as percentages of the whole match (Ali and Farrally 1991). This system, 
utilizing video and computer technology, has also been used to analyse activities 
such as passing, tackles and changes of direction, and to calculate the distance that 
referees cover during a match, (Capranica et al. 2001, D'Ottavio and Castagna 
2001, Tessitore et al. 2005). Previous work in dance has investigated work:rest 
ratios in classical ballet (Schantz and Astrand 1984), while studies of modern dance 
have used video analysis to investigate partner work, transitory fields such as 
jumping and changes of direction, the segments of the body performing the action 
and the descriptive nature of the action (Angioi et al. 2007, Wyon 2003). However, 
little has been published on the intensities of classical ballet, and the transitory 
demands of classical ballet performance. 
 
While biomechanical data exist, for example, ground reaction forces and muscle 
activity occurring for individual dance movements such as lifting, landing and 
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changes of direction (Simpson and Pettit 1997, Simpson et al. 1996, Murgia 1995, 
Trepman et al. 1994), these data cannot be used to determine the demands of 
performance, in order to prepare for a specific performance, without information 
such as how many times the action is performed and at what rate. By using video 
analysis to determine the demands of specific roles and specific repertoire, dancers 
may be able to prepare more thoroughly, to meet these demands. The aim of the 
study was therefore to use a system of video analysis to determine the work 
intensity, body parts used, number of lifts and number of transitory movements, 
every 30 seconds, performed by one dancer for the duration of a ballet. 
 
3.1.2  Methods 
3.1.2.1 Video Analysis 
Video analyses were conducted on 48 separate classical ballet performances (24 
male and 24 female; 16 Principal Dancers, 16 Soloists and 16 Artists) as previously 
described (Wyon 2003). This consisted of individual performances by female and 
male artists, soloists, and principals, in a range of classical repertoire including 
Swan Lake, The Nutcracker, Giselle, The Dream, Song Of The Earth, Paquita 
(Grand Pas), Tzigane, Nutcracker Sweeties, Symphony in D and Andante from 
Divertimento no. 15. 
All analyses were conducted by one single researcher and five fields were 
used to analyze the performance (work intensity, body movement, partner work, 
transitory movements and descriptive). Data was recorded in each field every 30 
seconds, enabling work to rest ratios and the number of jumps, falls, lifts, plies and 
changes of direction to be calculated. The first field gave a qualitative description 
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of the intensity of the dancing; very low (VL) equated to a sedentary intensity, low 
(L) a walking pace, moderate (M) was based at jogging pace, while high intensity 
(H) was jogging with some explosive movements or lifts, and very high (VH) 
equated to sprinting, maximal exertion. The body movement field provided 
information about body parts that were involved (lower leg, hip, trunk, upper body). 
Partner work described interactions with other dancers, including the number of 
lifts and supports performed, and the transitory field refers to movement of the 
dancers’ centre of gravity, including the number of movements to the floor and to 
standing and the number of plies, jumps and changes of direction.  
 
3.1.2.2 Statistical Analyses 
Time spent performing at each intensity level was calculated both in minutes and as 
a percentage of the whole performance. Jumps, plies, changes of direction, 
transitions from standing to floor and vice versa, lifts and supports were all 
calculated as per minute of work time. Descriptive statistics were reported, and 
differences between males and females, artists, soloist and principals were 
examined using MANOVA. Non-parametric Mann Whitney U and Kruskall Wallis 
tests were used for variables which were not normally distributed. Statistical 
analysis was performed with SPSS software (version 12.0, SPSS inc, Chicago, IL). 
Statistical significance was set at p<0.05. 
 
3.1.3  Results 
Figure 3-1 depicts the percentage of each performance at different intensity from 
rest to very high, and is grouped by dancer role, while figure 3-2 shows differences 
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between males and females in the number of lifting and supporting movements 
performed. 
 
Figure 3-1 The mean time spent performing at each intensity, as percentage of performance 
*, ** - significant difference between groups (p<0.05) 
 
Table 3-1 Lifting and Supporting Movements 
 Gender Mean Standard. Deviation 
Assisted Lift Per 
Minute female 0.0000 0.00000 
(z=-4.719; p<0.01) male 0.2975 0.36106 
Lift per minute female 0.0007 0.00332 
(z=-3.610; p<0.01) male 1.8650 3.28571 
Support per minute female 0.0150 0.05876 
(z=-4.414; p<0.01) male 0.5353 0.70761 
 
MANOVA showed significant differences between the roles, in two 
intensity bands; time at rest and time performing at moderate intensity. For 
percentage of time resting, a significant difference was seen between principals and 
soloists (p <0.05) with soloists resting for 75.2±15.1% and principals resting for 
53±24.1% of the total performance.   Principals also spent a significantly greater 
percentage of time at moderate intensity than both soloists and artists (p<0.05); 
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principals spent 17.3±12.1% of their performance dancing at moderate intensity, 
compared with soloists (8.7±9.6%) and artists (9±5.9%). 
 
Significant differences between males and females (p<0.01) were seen in 
the number of lifting and supporting movements performed, and can be seen in 
table 3-1. Female principal dancers were the only dancers to spend more time, on 
average, dancing than resting, although this difference is only slight. Kruskall 
Wallis tests also revealed a significant difference between roles, regarding the 
number of lifts performed per minute (X2(2)= 6.676; p=0.036), mean rank for 
artists=19.88 lifts per minute, while soloists=23.81 and principals=29.81. 
 
 
 Figure 3-2 shows the mean number of jumps, plies and changes of direction 
performed by each dancer group. Although not statistically significant, it can be 
seen that male soloists and principals performed more jumps, plies and changes of 
direction than their female counterparts, whereas female artists performed more 
jumps per minute, but fewer plies and changes of direction per minute than their 
male equivalents. These results, however, do not describe the intensity of each 
jump. The percentage of performance at varying intensities can be seen in figure 3-
1. 
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Figure 3-2 Occurrence of jumps, plies and changes of direction per minute 
 
Figure 3-3 shows the mean work to rest percentages for each dancer group. 
There were significant differences observed between principals and soloists 
(p<0.05), with the work to rest difference greatest in the soloists and smallest in the 
principals.  
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Figure 3-3 Mean work-to-rest percentages (difference between soloists and principals p<0.05) 
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MANOVA revealed significant differences between the roles, in two 
intensity bands; time at rest (p<0.05) and time performing at moderate intensity 
(p<0.05), with soloists and principals resting for 75.2±15.1% and 53±24.1% of the 
total performance, respectively (p<0.05).  Principals also spent a significantly 
greater percentage of time at moderate intensity than both soloists and artists 
(p<0.05); principals spent 17.3±12.1% of their performance dancing at moderate 
intensity, compared with soloists (8.7±9.6%) and artists (9±5.9%). 
 
3.1.4 Discussion 
The aim of the current study was to employ a similar method of video analysis to 
describe the physiological demands of classical ballet performance, and to examine 
differences between artists, soloists and principal dancers. The main finding was 
that members of a classical ballet company face varying demands in terms of 
repertoire, with artists, soloists and principals spending significantly different 
percentages of a performance performing at different intensities. 
Previous research found work-to-rest ratios of 1:1.6 to 1:3, (Cohen et al. 
1982b), which the current findings support; however, there has been little pre-
existing research documenting these demands by rank within the company or the 
demands of the roles danced. The present study highlights the need to differentiate 
between position and possibly gender with the prescription of supplemental 
training. For example, in the current study soloists had the largest requirement of 
jumps per minute, but the greatest work to rest difference. This may suggest that 
their roles included lots of explosive work. Artists spent most of their work time 
dancing between very light (9±7.7%), moderate (9±5.9%) and high intensities 
(8.6±8%) whereas principal dancers spent a greater percentage of their work time at 
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moderate (17.3±12.1%) to high intensity (14±11.5%), and had the least amount of 
rest (53±24.1%). Previous physiological testing of classical ballet dancers has 
reported characteristics among different company members which may reflect 
varying performance intensities (Wyon et al. 2007). Wyon and associates (2007) 
found significant differences between artists, soloists and principals in peak VO2 
and jump height; soloists had a lower peak VO2 than artists and principals but the 
greatest jump height. This may be explained by the results in the current study, 
where soloists had the greatest rest time and therefore the least amount of 
aerobically demanding work, but more jumps per minute than artists or principals, 
This higher number of jumps observed in repertoire which is commonly performed, 
may result in a greater jump height as performing may elicit a training effect. The 
peak VO2 for artists was next highest, and can also be explained by the data from 
the current study, as artists performed mostly at low intensity, which may elicit a 
mild stress on the aerobic system. In the current study, principals had the least 
amount of rest, and performed at higher intensities. Interestingly, principal dancers 
exhibited the greatest peak VO2  when tested (Wyon et al. 2007); this supports a 
previous study (Schantz and Astrand 1984). 
 Wyon and associates (2007) speculated that differences in peak VO2 and 
jump height, between artists, soloists and principals were due to differing 
performance demands; aerobic capacity increases over a performance period due to 
the change in demands on the fast and slow glycolytic systems from class and 
rehearsal to performance (Wyon and Redding 2005). There has been no previous 
thorough investigation into the demands of classical ballet performance on different 
dancers until the present study. The data reported here confirms the speculations 
made previously; that different performance demands will have a ‘training effect’, 
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resulting in different strengths and weaknesses among artists, soloists and principal 
dancers. However it should be noted here that the demands of classical ballet 
rehearsals and classes have not been analysed in this way, and so comparisons 
between them cannot yet be made.  
 The number of changes of direction per minute, as well as the number of 
lifts, plies and jumps per minute as studied herein is useful information to 
researchers investigating the biomechanical demands of classical ballet 
performance. They may, for example, facilitate the calculation of forces that joints 
such as the lower back, hip, knee and ankle are subjected to throughout a 
performance. It has been reported that lumbar shear and compressive forces 
occurring during classical ballet lifts are similar to those experienced by paramedics 
manually transporting patients, or publicans lifting beer kegs which, when 
performed many times each day may pose a significant risk of lower back injury 
(Hopper et al. 2007). Several studies have investigated ground reaction forces 
(GRF) for jumps commonly performed in classical ballet class and performance 
(Cluss et al. 2006, Dworak et al. 2005).Normative data of vertical GRFs during 
landing from a two-footed, parallel jump also exist; (McNair and Prapavessis 
1999), a mean GRF of four and a half times body weight, with a range of two to ten 
times body weight. It has also been reported that during a sauté, or two-footed hop, 
maximum force in a subject’s patellar tendon reached 11.1 times body weight. 
During other ballet movements, vertical GRFs generated ranged from 5.71 times 
body weight to 9.38 times body weight. The highest GRFs were recorded where the 
subjects landed on one leg, as in, for example a grand pas de chat (8.47±1.29 times 
body weight) It was speculated that these forces alone are not enough to rupture a 
tendon in a single jump, however if repeated often, may overstress the patellar 
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tendon. For example, in the current study, male soloists performed a mean number 
of 7±6.96. If each jump generated a ground reaction force of five times body 
weight, the dancer would be subjecting his joints to an average of 35 times his body 
weight, per minute. 
Data of this nature may provide information on the levels of strength and 
agility that dancers require to counteract these forces, which may facilitate the 
designing of fitness training programs and injury rehabilitation programs specific to 
a dancer’s rank or role within a company.  
 The main perceived cause of injury in dance is fatigue (Laws 2005). This 
indicates that the current training and/or performance demands are either too great 
for the body to cope with, or that the dancers’ body is not sufficiently prepared for 
the demands observed. If tendons within the body are repeatedly subjected to a 
substantial load, overuse injury is likely (Cluss et al. 2006, McNair and Prapavessis 
1999). Although very similar methodology has been tested for reliability within 
sport (Ali and Farrally 1991, Capranica et al. 2001, D'Ottavio and Castagna 2001) it 
is reliant on the accuracy of the person watching the video recordings. A certain 
degree of subjectivity may be present within the various parameters examined. 
Results in this study reflect the individual dancer’s part in an entire ballet, rather 
than the different demands of particular sections. Further study is recommended, to 
fully investigate the demands of certain sections, such as divertissements or 
variations, alone. 
 Within the limitations of the current study it is concluded that classical 
ballet performance is an intermittent form of exercise utilizing both aerobic and 
anaerobic energy systems and that the physiological demands rarely change 
dramatically with different repertoire. The information gained during this study 
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regarding the demands placed on classical dancers therefore allow improved 
preparation. It is suggested that further research be carried out to investigate this 
more specialised approach to pre-performance training. 
 
3.1.5  Conclusion 
The current study provides a new analysis tool to better understand the global 
physiological and biomechanical forces that dancers are exposed to. Data regarding 
specific repertoire may assist company physiotherapists in injury diagnosis, and 
potential prevention – for example, if recommending that a dancer, prone to patellar 
tendonitis, is not cast in roles which are particularly demanding in terms of number 
of jumps and intensity. 
Movement analyses can be used by dance teachers, rehearsal directors and 
healthcare providers within a company or school setting, to ensure that dancers are 
fully prepared for the demands of the role that they are about to perform. Teachers 
can tailor their classes to the appropriate intensity, and can create combinations, or 
enchaînements, in class which replicate the demands of specific roles. Individual 
cross training programs can then be designed for principals and soloists, to ensure 
that they can perform the required number of transitory movements at the required 
intensities, so that dancers are physically prepared for optimum performance from 
opening night. 
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3.2 The demands of a working day among professional female 
ballet dancers 
 
3.2.1 Introduction 
While dance medicine and science has lately attracted much scientific interest, there 
are still little published data on the physiological demands of a classical ballet 
dancer’s regular schedule. In classical ballet, the dancers’ day typically begins with 
a class of around 90 minutes. Previous research has indicated that a ballet class at 
professional level consists of low to moderate intensity exercise with brief peaks of 
high intensity exercise   (Schantz and Astrand 1984, Cohen et al. 1982b, Cohen et 
al. 1982a). However, the results of these studies may be questionable as the 
methodologies used have drawbacks; the studies either used a Douglas bag to 
measure oxygen demands, or estimated oxygen demands by measuring heart rate. 
Dancers noted movement restrictions whilst wearing Douglas bags (Schantz and 
Astrand 1984, Cohen et al. 1982b), and the use of heart rate as a predictor of 
oxygen consumption in dance has since been proven unreliable (Redding et al. 
2004). Consequently there is a distinct paucity of reliable data regarding the 
cardiorespiratory demands of ballet class.  
 
Following the class, a dancer will normally spend the rest of their day in rehearsals. 
Rimmer and colleagues (1994) monitored the heart rates of dancers during 26 
rehearsals and then expressed this as a percentage of maximum, having gained this 
information from conducting maximal treadmill tests. This study did not 
differentiate between dancer rankings, but reported that female dancers spent only 
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2% of their rehearsal time in the highest intensity band. In reality, the true length of 
time spent working at high intensity may have been even shorter, as heart rate will 
remain elevated after exercise in order to aid recovery (Bot and Hollander 2000). 
As this is the only study of this nature to our knowledge, it appears that no data 
exist to give a true account of the cardiorespiratory demands of rehearsals. While 
the area of screening and measuring the capabilities of dancers has attracted much 
interest of late (Redding et al. 2009), the true physiological demands placed upon 
classical ballet dancers have received very little attention. To that end, the 
capacities and capabilities of classical ballet dancers remain largely unknown.   
 
Published data do exist, however, regarding injury in classical ballet dancers. One 
such study reported that as many as 85% of professional classical ballet dancers 
suffered an injury within a year (Laws 2005). In another study, 370 injuries were 
reported from a company of 54 professional, classical ballet dancers equating to 
nearly 7 injuries per dancer over a 12 month period (Allen and Wyon 2008). Many 
dancers have perceived ‘fatigue/overwork’ to be a major contributing factor to their 
injuries (Laws 2005). The term ‘fatigue’ has been defined as “extreme tiredness, 
weakness or exhaustion - mental, physical or both” (Dittner et al. 2004) .  Once 
fatigued, the ability to perform movements requiring complex skill is compromised 
(Allen and Wyon 2008). This may lead to poor technique, faulty alignment and 
inefficient biomechanics, and stress placed on the muscles and joints which can 
only be tolerated a certain amount before injury. Once this pattern become repeated, 
as often exists in rehearsals, an injury becomes more likely to occur (Evans et al. 
1998). It has been hypothesised that fatigue may exist as a result of poor aerobic 
fitness (Allen and Wyon 2008) along with other factors such as low dietary energy 
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intake (Twitchett et al. 2008). However, inadequate rest is widely accepted as a 
cause of fatigue. While professional classical ballet dancers do indeed display fairly 
low levels of aerobic fitness (Cohen et al. 1982b, Mostardi 1983, Novak et al. 1978, 
Oreb et al. 2006, Schantz and Astrand 1984, Wyon et al. 2007), no data exist 
regarding the amount of rest that professional dancers get during their day-to-day 
schedules. 
 
By ascertaining the dancers’ true workload, information can be gained regarding 
the amount of rest time, and therefore the possibility of fatigue. This may give 
healthcare providers additional information regarding the training status of dancers, 
or groups of dancers, and may draw attention to those at greater risk of injury. Any 
differences between dancer rankings in terms of workload may indicate a need for 
ranking-specific, supplementary training programs to enable the dancers to better 
meet the requirements of their schedule, and to avoid fatigue-related illness or 
injury. Therefore, the aim of the present study was to examine exercise intensity 
(including the amount of rest time) of female professional classical ballet dancers, 
over the course of a single working day. 
 
3.2.2 Methods 
3.2.2.1 Participants 
Data, regarding a single ‘work’ day were collected (continuously from 09.30hrs 
until 18.30hrs), from 51 female dancers, on different days over the course of three 
weeks (to ensure that data were representational of a ‘typical’ or ‘average’ day). 
Seven dancers were corps de ballet, 16 were first artists, 12 were soloists and 16 
were principal dancers. Measurements of height and weight along with the 
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participants’ date of birth, and their smoking habits were recorded. Table 3-2 
depicts subject characteristics. All participants signed an informed consent 
document. Ethical approval for the study was granted by the ethics committee of 
the Research Centre of Sport, Exercise and Performance, University of 
Wolverhampton. 
Table 3-2 Participant characteristics 
 Age Height Weight Smokers 
Corps de ballet (N=7) 25±3.27 165.0±2.67cm 45.0±6.20kg 2 
First Artist (N=16) 26±4.35 161.6±2.89cm 47.0±7.21kg 1 
Soloist (N=12) 25±3.51 159.2±5.20cm 44.3±5.51kg 1 
Principal (N=16) 33±2.99 161.9±1.25cm 46.3±2.63 0 
 
    
All dancers (N=51) 28±4.91 161.4±3.29 46.1±4.49 4 
 
3.2.2.2 Procedures 
Participants wore an armband containing the ‘Sensewear’ (Bodymedia Inc) multiple 
accelerometer (SWA) device on their right upper arm throughout the day.  At the 
end of the dancers’ ‘work’ day the armbands were removed and the data 
downloaded.  
 
3.2.2.3 Data collection  
Data regarding the work-day (from 9.30am – 6.30pm) were downloaded from the 
SWA along with each participant’s demographic information. The SWA includes a 
2-axis accelerometer, a heat-flux sensor, galvanic skin response sensor and both 
skin- and near-body ambient-temperature sensors (Liden et al. 2002). The device 
estimates energy expenditure in terms of kilocalories (kcals) and exercise intensity 
(EI) in metabolic equivalents (METS).  Its accuracy for estimating energy 
expenditure (EE) during physical exertion has been confirmed through several 
reliability and validity studies (Jakicic et al. 2004, King et al. 2004).  
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The mean exercise intensity for the whole day, the amount of rest (<1.5 METS) 
(Wilmore et al. 2008) versus work time (in minutes) was documented, as was the 
amount of the day spent in each intensity band (sedentary; <3 METS, moderate; 3-6 
METS, vigorous; 6-9 METS, or very vigorous; >9 METS) as both the absolute time 
(in minutes) and time expressed as a percentage of the dancers’ working day. The 
length of periods at rest (<1.5 METS) were also documented, in minutes. The 
greatest single amount of time spent below 1.5 METS for each day was 
documented as the dancers’ greatest ‘rest break’ (GRB), while the mean length of 
all ‘rest breaks’ (MRB)  throughout each day was also calculated. 
 
3.2.2.4 Statistical analyses 
The pre-analyses Chi-Square and Kolmogorov-Smirnov normality tests were used 
to detect if variables were normally distributed. Non-parametric Kruskall Wallis 
test was used for the following variables which were not normally distributed 
(p<0.05): Mean length of rest break (MRB), longest rest break (GRB), work-to-rest 
ratio, percentage of day at 6-9 METS and percentage of day at >9 METS.  One way 
ANOVA with post-hoc Tukey HSD test was used to analyze the following 
variables which were normally distributed: mean exercise intensity for the day, 
percentage of day <3 METS, and percentage of day at 3-6 METS. Descriptive 
statistics were also used to report the results. Statistical analysis was performed 
with SPSS software (version 16.0; SPSS Inc, Chicago, IL). Statistical significance 
for all analyses was set at p<0.05.  
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3.2.3 Results  
Figure 3-4 shows the percentage of the day that was spent in each intensity band, 
grouped by dancer ranking within the company. Significant differences between 
rankings can be seen in figure 3-4. ANOVA also revealed significant differences 
between rankings (p<0.05) for the mean exercise intensity, as shown in figure 3-5, 
where soloists worked at a significantly higher intensity than did artists and first 
artists. Principals had a lower workload than soloists, but greater than corps de 
ballet dancers and first artists, however this difference was not statistically 
different.  
 
While the mean exercise intensity, (all dancers) remained fairly low (<4 METS, as 
observed in figure 3-5) the highest intensities dancers reached were 11.2±3.32 for 
principal dancers, 11.3±4.02 for soloists, 9.7±3.16 for first artists and 10.1±3.83 for 
corps de ballet dancers. These higher intensities were reached on few occasions 
during each dancer’s day, and were only sustained for a very low period of time; 
less than five percent of the day in most cases. These ‘peaks’ in intensity were not 
significantly different between the dancers. 
 
Kruskall Wallis tests revealed significant differences between rankings for the 
amount of time at ‘rest’ versus the time above resting intensities (p<0.001). This 
variable also can be expressed as a ratio of work-to-rest, over the whole day. The 
amount of rest time, for every minute of work, can be seen in figure 3-6. It was also 
observed that first artists, soloists and principal dancers had spent less time resting 
(<1.5 METS) than they did working. 
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Figure 3-4 Percentage of day spent in each intensity band, grouped by ranking 
  * indicates significant difference (p<0.05) between soloists and first artists 
  § indicates significant difference (p<0.05) between soloists and corps de ballet 
indicates significant difference (p<0.05) between prinicpals and corps de ballet 
 
 
Figure 3-5 Mean exercise intensity (METS)  
* indicates significantly greater mean exercise intensity in soloists (p<0.05) 
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Figure 3-6 Amount of rest (minutes) for one minute of work 
 
 
 
The greatest amount of rest time (<1.5 METS) seen throughout the day, at any one 
time, (GRB) was analyzed for each dancer, and for all participants; results revealed 
GRB times of 36.0±31.35 minutes. 46 out of 51 dancers (90%) had GRB times of 
fewer than 60 minutes; 17 dancers (33.3% of the present sample) spent fewer than 
20 consecutive minutes at rest at any one time. The average length of time spent at 
<1.5 METS, between bouts of more intense work, (MRB) for all dancers was 
5.27±3.07 minutes. Kruskall Wallis tests revealed significant differences between 
dancer rankings for GRB (p=0.036) but no significant difference was observed 
between dancer rankings for MRB. These data can be seen in table 3-3; first artists 
had the longest GRB periods, while soloists had the shortest. Principal dancers had 
the shortest MRB periods, whereas first artists had the longest MRB periods.  
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Table 3-3 length of rest periods, by dancer rank 
 Rank Time 
(minutes) 
Longest rest period (GRB) 
 
Principal 30.3 ±34.86 
Soloist 26.8 ±16.13 
First Artist 51.8 ±37.76 
Corps de ballet 28.9 ±11.58 
   
Mean length of any rest period 
(MRB) 
Principal 4.3 ±1.82 
Soloist 5.2 ±2.53 
First Artist 6.5 ±4.49 
Corps de ballet 4.8 ±1.19 
   
 
3.2.4 Discussion 
The aim of the current study was to examine the time spent at various exercise 
intensities, including the amount of time spent at rest, of female professional 
classical ballet dancers, over the course of a day’s class and rehearsal. The main 
findings of the study were that dancers had significantly different workloads within 
one day, depending upon their ranking, or role within the company, (corps de ballet, 
first artist, soloist or principal), with soloists having the highest mean exercise 
intensity but also the least amount of rest. Upon closer examination of this rest 
time, it was observed that 90% of dancers had less than 60 minutes rest at any given 
time; indeed 33.3% of dancers had less than 20 minutes rest at any given time, 
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across the entire work day. Soloists and Principal dancers tended to have shorter 
rest breaks than did first artists and corps de ballet dancers.  
 
The data regarding exercise intensity throughout each of the dancers’ days revealed 
that soloists, as a group, spent the day working at a greater intensity than did the 
other groups of dancers, followed by the principal dancers. This may be related to 
the repertoire that was being rehearsed at the time of study. While no similar data 
exist to provide comparison, studies have found differences in fitness levels within 
the classical ballet company; A comparison between soloists and corps de ballet 
dancers found that soloists had greater maximal oxygen uptake than did corps de 
ballet dancers (Schantz and Astrand 1984). The findings of the present study would 
suggest that these observed differences in fitness may be a result of the regular 
workload. However, more recent study has found soloists to have lower maximal 
oxygen uptake than both corps de ballet dancers and principals (Wyon et al. 2007), 
suggesting the intermittent nature of the workload as a possible cause of this. 
Indeed, during performances, soloists appear to have the most rest time, among all 
the dancers (Twitchett 2008). During performances, principal dancers spent more 
time at moderate to high intensity than did the other dancer groups, which the 
findings of the present study support, in that the principals worked at a greater 
intensity than first artists and corps de ballet. One possible explanation for the high 
workload among soloists seen in the present study is that the company observed 
often cast soloists and sometimes first artists in principal dancer roles, therefore 
dancers who are employed as soloists may have been rehearsing principal roles 
alongside their soloist parts. However, there still remains a discrepancy between the 
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documented workload during performances and the observed workload of a day’s 
rehearsal. 
 
The low amounts of rest time compared to work time seen in all dancer groups may 
indicate that the dancers within the present sample are indeed at risk from fatigue. 
While it is generally accepted that a profession as physical as dance will result in 
some kind of fatigue (Laws 2005),  the results of the present study provide 
substantial scientific evidence to support this. 
Current UK employment law requires any worker employed for over 6 hours to 
have a break of 20 minutes, minimum (Directgov 2005). Therefore, 33.3% of 
dancers within the present study failed to meet this legal requirement. However, it 
must be emphasized that the data regarding dancers’ breaks did not come from 
official schedules, but from their activity data. It may well have been that the 
dancers were given sufficient rest time, but they were relatively active (at an 
intensity of greater than 1.5 METS) during the resting periods. This may have been 
a result of ‘running around’ to complete errands, or may have been a conscious 
choice to use break time to rehearse or exercise in another manner.  
Given that many of the dancers observed in the present study had maximum rest 
breaks of less than an hour, it must come into question how these dancers can 
adequately consume and digest sufficient energy to meet these demands (Burke and 
Deakin 2000). Nutritionists recommend that dancers ingest a small carbohydrate 
snack about one to two hours before class or rehearsal, and that the best way to 
replenish energy supplies after class or rehearsal is to ingest carbohydrate within 
the first two hours following exercise (Clarkson 1998). However, with short rest 
breaks this may not be possible. Low caloric intake may also lead to fatigue, 
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consequently leaving dancers susceptible to injury (Luke et al. 2002, Warren et al. 
1986, Hardaker Jr 1989, Askling et al. 2002, Wong et al. 2001). It has been 
documented that injuries such as sprains and strains, which are often related to 
fatigue (Luke et al. 2002, Hardaker Jr 1989, Askling et al. 2002, Wong et al. 2001) 
constitute over half of the injuries seen in professional dancers (Solomon 1999) and 
are a strain on a professional company both financially and in terms of time loss. 
By reducing factors such as fatigue within dancers, company directors may be 
inadvertently saving their company money (Solomon 1999). 
 
As little or no previous, reliable data exist regarding a whole day of class and 
rehearsal; or regarding class or rehearsal separately, comparisons cannot be made 
regarding the results observed in the present study.  The results may have benefited 
from a more balanced sample, and the inclusion of male dancers, to allow gender 
comparisons to be made. All of the participants in the current study took the same 
company class, therefore it can be reasonably assumed that differences seen 
between corps de ballet dancers, first artists, soloists and principals are due to the 
rehearsal workload alone. However, the dancers’ activity outside of the studio was 
not restricted or closely monitored; energy expenditure of above 1.5 METS may not 
have occurred during class or rehearsal and so dancers may not have been resting in 
their scheduled rest breaks. Future research may benefit from the dancers keeping a 
record of their schedules, including any activity pursued within official breaks. 
Future research is also recommended to observe more dancers, and over longer 
periods of time. Although the data in the present study were gathered over three 
weeks, results may vary throughout the season of this one company alone. 
Observation of a larger and wider sample of dancers, from many companies will 
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ultimately allow better conclusions to be drawn regarding their day-to-day 
workloads. 
 
3.2.5 Conclusion  
Within the limits of the current study, it is concluded that for the present 
sample, 90% of dancers had less than 60 minutes at ‘rest’ at any given time, over 
the course of the working day. All dancers spent more time exercising at intensities 
above 1.5 METS than at ‘rest’; however the amount of time spent at varying 
exercise intensities varied significantly between the groups of dancers.  
 
The data are useful in aiding staff such as artistic directors when planning daily or 
weekly rehearsal schedules, particularly to ensure that dancers receive breaks of an 
adequate length to rest, eat and adequately digest meals which will then provide 
energy for further work. Dancers should also be encouraged to utilize their breaks 
in the most effective way in order to recover from previous bouts of activity, and to 
prepare for the next. The data may also be of use to the company healthcare team in 
establishing whether the dancers’ daily schedule is playing a part in the onset of 
injury, particularly if similar injuries are being treated among specific groups of 
dancers. The results of this study may assist in the development of extra cross 
training programmes, in that healthcare professionals can better prepare specific 
dancers for the daily demand of their particular ranking within a company structure. 
This may be of particular use in injury rehabilitation and prevention. 
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4 The development of novel assessment tools 
This chapter includes work which was presented at the 18th annual meeting of the 
International Association of Dance Medicine and Science and was published in the 
conference proceedings of the same title. 
 
 
The previous chapter reported differences between dancer roles in terms of the 
demands of both day-to-day work, and performance. The nature of dancers’ 
workload would suggest that, in order to perform optimally, dancers require a good 
level of aerobic fitness. However, to date there was no ballet-specific method for 
assessing aerobic fitness. Previous literature has cited that running and cycling tests 
are inappropriate for measuring aerobic fitness in dancers, and so in order to better 
assess the levels of fitness among the studied population, a novel tool was designed 
and tested for reliability which would enable this. 
 
The main aim of this thesis was to determine whether fitter dancers do, indeed, 
perform better. In order to test this, a suitable (and reliable) method of assessing 
performance was required. While several studies have attempted to do this 
previously, none have published the details of a reliable method of assessing 
performance. Consequently, in order to progress with the study, a reliable, 
performance assessment measure was developed . 
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4.1 Development, validity and reliability of a ballet-specific 
aerobic fitness test 
4.1.1 Introduction 
While classical ballet is an intermittent exercise form requiring a good 
aerobic foundation, research has found that dancers have poor aerobic capacities 
compared to athletes taking part in other similar activities (Cohen et al. 1982b, 
Novak et al. 1978, Mostardi 1983, Oreb et al. 2006). Furthermore, it has been 
found that the work that classical ballet dancers carry out in class, rehearsal and 
performance places little stress on the cardiovascular system, and is insufficient to 
further develop aerobic fitness (Cohen et al. 1982b, Schantz and Astrand 1984). 
Studies have reported that during class, dancers’ oxygen uptake reached 
approximately 50% of previously determined VO2 max (Schantz and Astrand 
1984), however immediately after a performance oxygen uptake was measured as 
80-85% of maximum (Schantz and Astrand 1984, Cohen et al. 1982b). To our 
knowledge, no data exist regarding the oxygen uptake during rehearsal. In these 
early studies, oxygen uptake has been estimated, in terms of percentage of VO2 
max, which was estimated from heart rate, and the use of a treadmill-based, 
continuous aerobic fitness test to calculate VO2 max. Investigations have since 
deemed the use of heart rate to predict oxygen consumption to be unreliable; as the 
intermittent nature of dance rehearsal and performance results in a less-than-reliable 
heart rate-VO2 relationship (Redding et al. 2004). Due to the aesthetic nature of 
classical ballet, and the equipment required for data collection, the true oxygen 
demands for class, rehearsal and performance have yet to be identified.  
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4.1.2 Method 
4.1.2.1 The development of the test 
Previous studies have indicated an oxygen demand for class of approximately 50% 
of maximum, increasing to 85% of maximum for performance (Schantz and 
Astrand 1984, Cohen et al. 1982b). As several authors have documented the VO2 
max of female dancers to be approximately 45-50 ml.kg.-1min-1 (Novak et al. 1978, 
Cohen et al. 1982b, Mostardi 1983, Pekkarinen 1989, Oreb et al. 2006), it is 
estimated that the demand of class equates to approximately 22-25 ml.kg.-1min-1, 
increasing to 38-43 ml.kg.-1min-1 for performance.  Therefore, one of the criteria for 
the demands of the proposed test was that stages should be designed to allow an 
assessment of a dancers ‘fitness’ to participate in class or performance.  
 
A 16-bar, classical ballet sequence was designed in a similar way to the DAFT 
(Wyon et al. 2003), using a basic sequence which increased in intensity by one or 
two changes per stage. The simplicity of the choreography, and the changes to each 
stage ensured that learning of the test did not affect its function. Intensity increased 
at each stage in terms of both tempo of the accompaniment, and the size of 
movements (Table 4-1). The sequence was choreographed to minimize the need for 
advanced skill, to allow both intermediate novice and elite dancers to use the same 
test, and reducing the affect of movement economy. The test was terminated when a 
dancer was unable to keep in time with the accompaniment, or if technique became 
compromised, for example arm lines not held properly, turn-out diminished.   
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Table 4-1 Details of the test 
Stage Tempo 
(♩=) 
Choreography 
1 195 Transferring weight through plie x2. 3 walks finishing fondu 
arabesque. Walks in a circle with holds in retiré and 
arabesque. Arms en bas. Repeat for 4 minutes. 
2 205 Same movements using arms to ‘expected’ lines. Repeat  for 
4 minutes 
3 215 Transferring weight through plie with leg lift to attitude x2. 3 
walks to fondu arabesque. Hops in retiré and arabesque linked 
with chasses / walks. Repeat for 4 minutes. 
4 225 Sissonne ouverte to attitude, close 5th x2. 3 walks finishing 
fondu arabesque. Hops in retiré and arabesque linked with 
chasses / 2 runs. Repeat for 4 minutes 
5 235 Sissonne ouvert to attitude, close 5th x2. Glissade en avant, 
grand jete en avant x2. Hops in retiré and arabesque linked 
with 2 runs. Repeat for 4 minutes. 
N.B. The time signature chosen for the test was 3/4, where 1 ‘dancer count’ is equal 
to 1 bar/measure of music. 
 
The intensity of the test was monitored in the early stages of development to ensure 
that the demand (peak oxygen consumption) of the test was equal to, and was 
higher than the demands of class and performance, so that the test reflected the 
maximum demands of a dancers’ work. 
 
4.1.2.2 Reliability and validity analysis 
16 female dancers (aged 22±4) volunteered to perform the test once (trial 1), 
wearing a portable gas analyser (Metamax 3B, Cortex, Leipzig, Germany), while 8 
of these dancers volunteered to repeat the test 7 days later (trial 2). Each subject 
signed an informed consent form and undertook a familiarisation trial to learn the 
sequences before the trial. Mean relative oxygen uptake was calculated for the last 
60 seconds of each stage. 
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4.1.2.3 Statistical analysis 
Logical validity was provided by the termination criteria of the test; an inability of 
the dancer to keep in time with the tempo of the accompaniment, and when secure 
classical technique (arms placed well in specific positions, turnout maintained) 
could not be sustained. The choreography for the test included commonly used 
classical ballet vocabulary, to ensure validity for use within a ballet population. 
Descriptive statistics were used to report the intensities of each stage. Reliability 
was assessed using Pearson’s correlation coefficients (r) and 95% limits of 
agreement were calculated to determine the level of agreement between trials 
(Atkinson and Nevill 1998). The ANOVA was used to provide a within-
subject/dancer measurement error, sometimes referred to as ‘mean squared error’ 
(sw2), from which the standard deviation of differences between any two repetition 
measurements (s) can be estimated, as follows, s = √ 2 × sw2. Provided the residual 
errors are normally distributed and are not related to the size or level of the 
measurements, the reporting of this error is recommended as ‘95% limits of 
agreement’, defined as  ±1.96×s.  This method, as described by Nevill and Atkinson 
(1998) was used to determine the reliability of the tool.  
 
4.1.3 Results 
Development of the test 
 
The mean VO2  requirement for the last minute of each stage of the test can be seen 
in figure 4-1. Stage 1 equated to the lower end of a range of VO2 values estimated 
to be similar to the oxygen demand for class, as determined from several previous 
studies, while the VO2 requirement for stage 5 exceeds levels seen during 
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performance. It is proposed that professional dancers ought to be able to meet this 
demand in order to be sufficiently ‘fit’ to meet the demands of their rehearsal and 
performance workload. 
 
 
Figure 4-1  VO2 intake (ml.kg-1min-1) for the final minute of each stage of the test 
 
 
Reliability analysis 
 
Figure 4-2 shows the mean oxygen uptake for the last minute of each stage, 
comparing trials, showing a good visual agreement between trials. Pearson’s 
correlation coefficients revealed a very strong positive correlation (r=0.998, 
p<0.001) between trials; this can be seen in figure 4-3.  
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Figure 4-2 Mean (+ 1 standard deviation) VO2 consumption for the last minute of each stage 
 
Figure 4-3 Test- re-test correlation of mean VO2 values for the end of each stage, (r=0.998, 
p<0.001) 
 
Univariate ANOVA revealed an expected significant difference between each stage 
of the test (p<0.001) but no significant differences between trials (p=0.512). After 
examining differences between trials, stage by stage, there were still no significant 
differences between trials at any stage of the test (p=0.247).  
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The mean squared error (sw2) for the test was 5.011; therefore the standard deviation 
of differences between the two trials (s) was 3.17. Using methods as previously 
described, the 95% limits of agreement were calculated as ±6.2 ml.kg.-1min-1. 
 
4.1.4 Discussion 
The main aim of the study was to develop and assess the reliability and validity of a 
ballet specific, multi-stage, aerobic fitness test. Having developed and analysed the 
test the main findings are that the test is statistically reliable, and provides logical 
validity. 
 
Using several methods, results indicate that the test is reliable. The strong 
correlation between trials gives some indication of the reliability of the test; 
however as Bland and Altman previously state, correlation co-efficients do not give 
information regarding the agreement between trials (Bland and Altman 1986). Data 
was therefore analyzed using methodology based on Bland and Altman’s limits of 
agreement (Atkinson and Nevill 1998) and the 95% limits of agreement were 
calculated as 6.2 ml.kg.-1min-1.  When using this method to calculate reliability, or 
agreement between two trials, a smaller range indicates greater reliability. It was 
accepted that the limits of agreement within the present study demonstrated good 
reliability. 
 
Validity of the test was assessed logically (Thomas et al. 2005, Vincent 1999), in 
that the test is valid by definition. The aim of the test was to assess whether the 
dancer possessed sufficient aerobic capacity to meet the demands of ballet class, 
rehearsal and performance. Previous investigation has found that dancers also 
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reached near maximal (85% of VO2 max) levels immediately after performance 
(Schantz and Astrand 1984, Cohen et al. 1982b), and so the test was designed to 
eventually reach intensities of approximately 50 ml.kg.-1min-1 in order to reach 80-
85% of most professional dancers’ maximum, oxygen uptake by the final stage. 
While the results from these previous studies are limited by design, it was 
estimated, using the data, that the oxygen requirement for class was approximately 
22-25 ml.kg.-1min-1 and for performance, was 38-43 ml.kg.-1min-1. Stage 1 therefore 
represented the lower end of class demand, stage 4 was similar in demand to 
performance, and stage 5 exceeded the performance demand slightly. The mean 
oxygen uptake for the final stage of the test was 48.5 ml.kg.-1min-1  ± 3.3 which, 
although slightly higher than in the final stage of the DAFT (Wyon et al. 2003), still 
falls within the ranges of maximal oxygen uptake previously reported for classical 
ballet dancers (Novak et al. 1978, Cohen et al. 1982b, Mostardi 1983, Pekkarinen 
1989, Oreb et al. 2006). While true oxygen requirements of class, rehearsal and 
performance are still unknown, these values form a solid basis for the test. It has 
also been reported that existing levels of aerobic fitness among dancers, as 
measured by the VO2 max, are lower than those of athletes participating in other 
high-intensity, intermittent activities (Koutedakis 2004). While dancers require a 
strong aerobic foundation in order to perform at their best (Allen and Wyon 2008, 
Koutedakis 2004), to date there has been no research suggesting an optimal level of 
aerobic fitness for dancers. Therefore the authors agreed that the final stage of the 
test be sufficiently demanding to challenge the ‘average’ professional dancer to 
near maximum. 
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The five stages increase in a step-wise fashion as clearly seen in figures 4-1 and 4-
2. However, some stages increase in intensity more than others. Any future 
development of the test may involve manipulating the movement and/or tempo of 
stages in order to keep the intensity increasing by approximately the same amount 
each stage. The movement was kept fairly ‘skill-free’, in that it does not require 
intricate footwork, balancing or turning. This was due to several factors; the authors 
wanted a test that was accessible to all dancers, from the intermediate novice dancer 
through to professionals, and the movements were also carefully chosen in order to 
place a demand on the cardio-respiratory systems rather than skill. It has been 
reported that classical ballet dancers often rely heavily upon skill (Allen and Wyon 
2008), and that current training methods tend to emphasize technique and skill 
development rather than physiological fitness (Wyon et al. 2003). By choosing to 
eliminate the need for high skill, the authors hope that the test will give a good 
indication of the level of physical fitness of the dancer. 
The test would benefit from further investigation, with a larger and more varied 
participant pool. Further development is also recommended to ensure that the 
increase in demand is not too great between any of the stages. Further research is 
also necessary to fully explore the demands of all aspects of classical ballet on the 
aerobic system, before any comparisons or recommendations can be made relating 
various stages of the test directly to the demands of class, rehearsal or performance. 
 
It is concluded that while the test may require some adjustment, it is, it its present 
form, a reliable and valid method of monitoring aerobic capacity within classical 
ballet dancers.  
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4.1.5 Practical applications 
There are many ways in which the test can now be used within various ballet 
populations. For example, the first few stages could be used as a warm up, or the 
entire test could be used as a training tool itself. Dancers may often prefer to use a 
choreographed training tool to develop their fitness rather than to cycle, run or use 
an elliptical cross-trainer, and so the test may be used as a basis to develop other 
choreographed, aerobic training protocols. By monitoring the dancers’ heart rates 
throughout the test, company physiotherapists, teachers or trainers may monitor 
fitness levels at various times of the year, for example pre- and post-holiday, when 
monitoring an individual’s training, or over-training, status or following injury 
rehabilitation, where the simplistic nature of the test will enable a physiotherapist, 
trainer or doctor to determine whether a dancer is physiologically prepared to return 
to class rehearsal or performance. 
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4.2  The development, and reliability analysis of a ballet-specific 
performance test 
4.2.1 Introduction 
In dance, performance is extremely difficult to quantify, as it cannot be assessed by 
achieving a certain speed, distance, or winning a race or match. Dance is rarely 
competitive, but requires both physical skill and artistry, and expressivity can be 
reliant on highly refined motor skills and precision with timing (Koutedakis 2004). 
These aspects can be affected by factors including flexibility, strength and control, 
fatigue, pain, stress, injury or preparation (Koutedakis 2004). Although these aspects 
can be seen in other sports such as gymnastics and figure skating, they are only used 
to enhance physical accomplishment, whilst in dance the artistic aspect may override 
technical skill for dramatic purpose (Liederbach 1997a).   
Where achievement during dance training is measured, schools and regulated 
external organisations conduct examinations and assessments during which dancers 
are required to perform a series of training exercises, sequences and short dances in 
front of one or more examiners, or teachers. Dancers are then rated numerically on 
criteria covering technical aspects such as posture, clarity of line, body control and 
stability, rhythmical awareness, spatial awareness, and presentation as assessed by 
artistry, musicality, expression and interpretation (Anonymous 2008a, Anonymous 
2004, Anonymous 2007c, Anonymous 2008b). However, many, if not all, of these 
criteria are subjective, and ratings may differ from one examiner to another. On the 
few occasions where dance is competitive, judges currently rate the dancers 
subjectively on different criteria including technical accuracy and artistry, similar to 
those used for examinations (Anonymous 2007a, Anonymous 2007b). 
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Several authors have attempted to measure dance performance in order to assess the 
use of training or conditioning methodologies (Bushey 1966, Koutedakis et al. 
2007, Krasnow et al. 1997, Radell et al. 2003, Raymond et al. 2005). They used a 
rating system, similar to the examination criteria detailed (Anonymous 2007c, 
Anonymous 2004). While the majority of these studies investigated modern dance,  
one study investigated ballet dancers, who were students assessed by their teacher 
and an external examiner (Radell et al. 2003). While performance ratings have been 
used in research (Bushey 1966, Koutedakis et al. 2007, Krasnow et al. 1997, Radell 
et al. 2003, Raymond et al. 2005), there has been no investigation, to date, which 
has used a statistically reliable method of assessing classical ballet performance.  
 
The development of such a reliable and scientific tool would greatly enhance 
research on factors affecting the quality of ballet performance. The aim of this 
study was, therefore, to design a protocol for assessing the aesthetic abilities of 
classical ballet dancers, and to assess the reliability of such a tool. 
 
4.2.2 Methods 
Data collection procedures comprised three different stages. During the first stage, 
information on how the ability of dancers is assessed, or “judged,” by three 
internationally recognized dance examination societies, and several vocational 
schools was collected. During the second stage these findings were compared with 
available judging criteria used at high-level classical ballet competitions such as the 
‘Prix de Lausanne’ and the ‘Genée’ International Ballet Competition. At stage 
three, a protocol was devised based on ten aspects of performance, each of which 
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was to be scored separately on a Likert scale of 0-10, giving a total possible score 
of 100. The aspects included whole body co-ordination; control of limbs and body 
weight; use of space; accuracy and use of correct of placing; technical skill or 
virtuosity; rhythmical accuracy; response to dynamics and phrasing; expression and 
interpretation; and communication and projection. The final aspect was entitled ‘X-
factor’, and attempted to quantify the ‘indescribable special quality’ that makes a 
specific dancer outstanding. Table 4-2 gives an example of the scoring guidance 
given to assessors for the aspect of ‘control of limbs and body weight’. 
Six female classical ballet students, of intermediate level, aged 18.4 ±3, took part in 
the study, which was granted ethical approval by the Research Centre for Sport, 
Exercise and Performance ethics committee, University of Wolverhampton. The 
dancers who participated in the study were all from the same training establishment. 
Having given their informed consent, the 6 volunteers were video-recorded 
performing a pre-learned ballet sequence. The video performances were copied 
three times (to create 3 identical ‘repetitions’), to give a total of 18 performances, 
which were subsequently arranged in a completely randomised order and 
distributed to a mixed panel of experienced dance teachers and examiners. All the 
assessors were instructed to read accompanying guidance notes, which described 
the aspects to be assessed in greater detail, thoroughly before beginning their 
assessment (a sample of this can be seen in table 4-2). The assessors were instructed 
to watch each video clip only once, and to view each clip as a ‘new’ performance, 
before giving their scores on a specially designed score sheet.  The assessors did not 
discuss their scores with each other at any time during the study. The dancers were 
scored on each of the 10 performance aspects, on each performance that was seen 
by the assessors, resulting in scores out of 100 for 18 performances, from every 
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assessor. Due to the random order of performances on the videos, the performances 
seen were identified by clip number in order for the author to associate scores given 
with the correct corresponding performance.  
Table 4-2Assessment guidance for aspect 2 – control of movement. 
 “Sustained and balanced movements from initiation to conclusion, achieved 
through strength and correct use of turnout. Well stretched legs and feet, strong 
postural control, controlled lifting and lowering of arms and legs. Controlled 
elevation and landings. Controlled turns and transference of weight.” 
 
Score 
awarded 
 
0-1 Very poor. Little or no control in any area. 
2-3 Poor. Little control. 
4-5 Satisfactory control in all areas, or some areas better controlled than 
others. 
6-7 Good control overall. 
8 Very good; Well controlled movement 80% of the time 
9 Excellent. Secure and well controlled. 
10 Outstanding; perfect; no room for improvement. 
 
 
4.2.2.1 Assessors 
The three assessors included a qualified and certified ballet teacher with less than 
10 years teaching experience and no official examining experience (assessor 1); a 
certified teacher with over 15 years and 5 years official examining experience 
(assessor 2); and a certified teacher with over 30 years teaching experience and 
recent official examiner training, but limited actual examining experience (assessor 
3). 
4.2.2.2 Statistical Analyses 
The individual scores for each assessor, each dancer, each video clip (or 
‘repetition’) and each separate performance aspect were inputted into statistical 
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software and were analysed as follows: An initial multivariate analysis of variance 
was used to identify whether any significant differences (bias) between the marks 
awarded by the three assessors were present. This is sometimes referred to as the 
‘inter-rater’ bias. The agreement (repeatability) between the three assessment 
‘repetitions’, for each of the ten performance aspects, was investigated separately 
for each assessor using a repeated-measures analysis of variance (ANOVA) 
(Atkinson and Nevill 1998).  This is sometimes referred to as the ‘intra-rater’ 
reliability. It is important to clarify that this applies to the repeated use of the 
assessment tool to assess the same performance (repeated viewings of the same 
performance on video), rather than the use of the tool to assess different 
performances of the same repertoire, as no two performances can ever be identical. 
In the current study, it was the repeatability of the tool which was under 
investigation. 
 
The ANOVA estimates the main effect of ‘repetition bias’ and ‘dancers’ and also 
provides a within-subject/dancer measurement error, sometimes referred to as 
‘mean squared error’ (sw2), from which we can estimate the standard deviation of 
differences between any two repetition measurements (s) as follows, s = √ 2 × sw2. 
Provided the residual errors are normally distributed and are not related to the size 
or level of the measurements, the reporting of this error is recommended as ‘95% 
limits of agreement’, defined as  ±1.96×s (Bland and Altman 1986, Atkinson and 
Nevill 1998). This method was used to determine the reliability of the tool.   
All analyses were performed with SPSS software (version 12.0, SPSS inc, Chicago, 
IL). Statistical significance was set at p<0.05.  
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4.2.3 Results  
The ranges of the scores awarded can be seen in table 4-3, by examining the mean 
score for each aspect of performance, and the standard deviation. When the scores 
awarded by the three assessors were analysed for bias, the MANOVA identified a 
significant difference between the three assessors (Wilks’ lambda=0.003, 
F20,22=19.3, P<0.001). Further inspection of the scores indicated that assessor one 
was awarding scores which were different to the other two assessors, who both had 
substantially more teaching and assessment experience. These differences can be 
seen in table 4-3. This was confirmed after repeating the MANOVA analysis of 
scores awarded by only assessors two and three. No significant difference was 
observed between the two more experienced assessors (Wilks’ lambda=0.002, 
F10,1=64.5, P>0.05). 
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Table 4-3 Mean scores for all three assessors (3 viewings, 6 dancers) 
 Assessor 1 Assessor 2 Assessor 3 Significance 
(P value) 
Co-ordination 6.61±0.85¤¥ 7.50±0.62* 7.67±0.69* .000 
Control 6.33±1.24¤¥ 7.11±0.68* 7.06±0.64* .001 
Spacing 6.67±1.28¤¥ 7.39±0.70*¥ 8.11±0.32*¤ .000 
Accuracy 6.17±0.99¤ 7.11±0.76* 6.61±0.78 .005 
Virtuosity 4.00±1.50¤¥ 7.00±0.77* 6.89±0.68* .000 
Timing 7.00±0.49¤¥ 7.67±0.60* 7.78±0.55* .000 
Dynamics 6.89±1.08¤¥ 7.61±0.50* 7.56±0.62* .008 
Expression 5.89±0.90¤¥ 7.50±0.70* 7.61±0.78* .000 
Communication 5.67±0.91¤¥ 7.44±0.78* 7.33±0.77* .000 
‘X-Factor’ 3.94±1.16¤¥ 7.39±0.78* 7.00±0.84* .000 
* Significant difference between assessor 1 and this assessor (P<0.05) 
¤Significant difference between assessor 2 and this assessor (P<0.05) 
¥ Significant difference between assessor 3 and this assessor (P<0.05) 
 
Further ANOVAs of scores awarded by each assessor for each criterion separately 
revealed no significant differences between the three repetitions. Based on the 
unexplained within-subject/dancer measurement error taken from the ANOVAs 
(see methods above), the 95% limits of agreement for scores awarded by each 
assessor can be seen in table 4-4. These intervals estimate that the 95% of 
differences between repeated uses of the assessment tool will not exceed roughly 2 
points for each criterion for assessors two and three. However, results show that this 
figure may be as great as 3.5 for assessor one.  
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Table 4-4 Unexplained errors and the 95% limits of agreement for each assessor and each criterion 1 
  Co-ordination Control Spacing Accuracy Virtuosity Timing Dynamics Expression Communication X-factor 
Assessor            
            
1 mean sq. 
error 
 
 
0.256 0.500 0.833 1.033 1.300 0.300 0.922 0.789 0.500 0.722 
 95% limits 
of 
agreement 
±1.4 ±2.0 ±2.5 ±2.8 ±3.2 ±1.5 ±2.7 ±2.5 ±2.0 ±2.4 
            
2 mean sq. 
error 
 
 
0.100 0.189 0.322 0.189 0.233 0.267 0.189 0.267 0.189 0.122 
 95% limits 
of 
agreement 
±0.9 ±1.2 ±1.6 ±1.2 ±1.3 ±1.4 ±1.2 ±1.4 ±1.2 ±1.0 
            
3 mean sq. 
error 
 
 
0.300 0.256 0.056 0.422 0.189 0.256 0.322 0.389 0.167 0.300 
 95% limits 
of 
agreement 
±1.5 ±1.4 ±0.7 ±1.8 ±1.2 ±1.4 ±1.6 ±1.7 ±1.1 ±1.5 
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Figure 4-4 95% Limits of agreement for each assessor, and each individual criterion 
 
Results indicate that certain performance aspects have greater error margins than 
others. These can be seen noticeably in figure 4-4. From this graph the greater error 
margins of assessor one can be seen more clearly, as can the aspects that were 
associated with greater error margins in different assessors. 
 
 
4.2.4 Discussion 
The aim of this study was to design a protocol for assessing the performance of 
classical ballet dancers, and to assess the reliability of such a tool. It was found that 
whilst accepting that this work may have been restricted by a small sample size, the 
examined classical ballet assessment tool appears to be statistically reliable among 
more experienced assessors, with reliability in individual criteria seemingly 
increasing with assessors’ prior experience. Unfortunately, validity analysis was not 
possible in the present study as there is no pre-existing comparable tool, other than 
the previous examination results of the dancers who performed in the study. These 
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previous examinations were not all conducted by the same examiner, therefore, the 
results may not be completely comparable.  
 
While the assessors’ scoring was the main focus of the study, it should also be 
considered that the dancers who performed in the study were a moderately 
homogenous group.  
 
4.2.4.1 Inter-rater reliability 
The scores collected from assessor one differed significantly from those of the other 
two assessors. These can be seen clearly in table 4-3, where in some cases 
(virtuosity, ‘X-factor’) assessor one was scoring as many as 3 points below the 
other two assessors. This is most likely due to a lack of experience of the assessor, 
rather than inadequacies of the tool, as there was only one significant difference 
between of the scores from assessors two and three, who had more examining 
training and experience. This sole significant difference was for the criterion ‘use of 
space’. This may be explained by the fact that each assessment was done via video, 
which meant that the true dimensions of the space were not able to be taken into 
consideration. This indicates that the tool is better suited to live, studio based 
assessment. None of the assessors had discussed the tool, or the subjects to be 
assessed, and had all been given the same guidance notes. It should be considered, 
however, that the agreement between assessors two and three may be coincidental 
and that if there had been more assessors, that these two may have been outliers. 
However this is unlikely, due to the similar training, particularly regarding 
assessment, of the two assessors. Future uses of the tool may benefit from 
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standardization trials among assessors, or other similar forms of familiarization or 
training to achieve higher agreement.  
 
4.2.4.2 Intra-rater reliability 
The absence of significant differences between repeated uses of the tool to assess 
identical performances suggests some agreement, or reliability of the tool, where 
use of the tool resulted in similar scores for each use. This was apparent across all 
assessors. Examination of the limits of agreement between each repetition gives 
more accurate information about how consistent each assessor was, over each of the 
individual assessment aspects. These results can be seen in table 4-4, and in figure 
4-4. Again, assessor one appears less reliable, as the greatest ranges are associated 
with assessor one’s scores. Assessors two and three have smaller ranges, of less 
than ±2 points for each performance aspect. Assessor two appears to be the most 
reliable when examining each aspect; with this assessor, 95% of differences 
between repetitions of nine out of the ten performance aspects will not exceed or be 
less than 1.5 points. In fact, the only aspect where this figure was higher (±1.6) was 
‘use of space’. As already discussed, this may be related to the assessment 
occurring via video rather than ‘live’. These results convey that less than a ±1.6 
point difference between one performance and the next is ‘unexplained’ error; a 
difference that cannot be explained by any other factor. However, this indicates that 
any difference in scores, of a single aspect, greater than ±1.6 must be explained by 
an external factor, for example, training, injury, fitness etc. This is particularly 
important when considering the use of the described tool to detect changes in 
performance level concomitant with interventions. 
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The greater error margins tend to appear for aspects that are more subjective, and 
for the assessors with least experience, for example assessor three had less reliable 
scores for expression, which can be argued as a more subjective aspect of 
performance, but more reliable scores for virtuosity and timing. Timing appeared to 
be the one aspect for which all three assessors had similar limits of agreement, 
suggesting that rhythmical accuracy and timing is the least subjective aspect, in that 
even the least experienced assessor was able to assess with the similar degree of 
reliability as the most experienced assessor.    
 
 It is concluded that the examined tool can be used by professional teachers and 
examiners to numerically assess the performance of classical ballet dancers. Before 
the tool is used within the wider classical ballet population, further investigation 
into reliability and validity is suggested, particularly regarding its use by teachers 
and assessors with less experience, and how the training of assessors might relate to 
the tools reliability. Further investigation is also suggested to investigate any 
differences between ‘live’ assessment versus video-based assessment. However, the 
practical applications of such a tool are great; by rating classical ballet in a reliable 
and scientific manner it is possible to conduct intervention research to investigate 
numerous factors which may affect classical ballet performance. 
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5 Associations between fitness, and both classical 
ballet performance and injury status.  
(Part of this chapter will be presented at the 19th Annual meeting of the 
International Association of Dance Medicine and Science, and will be published in 
the conference proceedings. “Do increases in selected fitness parameters affect 
classical ballet performance and injury rate?” By Emily Twitchett, Manuela Angioi, 
Yiannis Koutedakis and Matthew Wyon ) 
 
 
Some of the demands of performance, and of a ‘typical’ work-day have been 
established and detailed in earlier chapters, and tools to measure dancers’ aerobic 
fitness, and their stage performance have been tested to ensure reliability. Previous 
researchers have found that dancers have lower than expected levels of fitness; 
however none have determined whether fitter dancers perform better.  
 
The tools developed herein were subsequently used to examine any relationships 
between the various parameters of physical fitness discussed in earlier chapters, and 
excellence in performance. Following this, an intervention study was carried out to 
determine whether a period of supplemental fitness training could improve dancers’ 
performance ratings, and to examine any associations between supplemental fitness 
training and injury status. 
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5.1 Associations between selected fitness parameters and classical 
ballet performance proficiency 
5.1.1 Introduction 
It has been recommended that dancers have a good aerobic foundation (Allen and 
Wyon 2008), and high anaerobic threshold to limit the effects of blood lactate 
accumulation, such as a decrease in balance, poise and co-ordination (Baldari and 
Guidetti 2001). It has also been suggested that dancers require (Koutedakis and 
Sharp 2004) a large reserve of power for explosive jumps and high elevation, and 
muscular endurance, observed when a relatively high power output is maintained 
for 30-60 seconds, for example, in a series of jumps. Pure muscular strength has not 
generally been considered as a necessary ingredient for success in dance 
(Koutedakis 2004), however research has found that enhancements in dance 
performance may occur as a result of an improvement in the force a muscle group 
can generate (Koutedakis and Sharp 1999). The demand for large ranges of motion, 
particularly at the hip joints and spine, is greater now than in the past (Krasnow et 
al. 1997). However, dancers show unbalanced flexibility patterns with more 
flexibility in passive hip external rotation, flexion, abduction and knee extension 
than non-dancers, but less range of motion in passive hip adduction and internal 
rotation (Reid et al. 1987). Classical ballet technique relies upon the use of ‘turn-
out’, which requires a natural greater-than-normal range of external rotation at the 
hip joint. The need for this range of motion has been reinforced by suggesting that 
dancers who use a turn-out position which exceeds their available passive range of 
motion of external hip rotation are more prone to injury, due to faulty alignment of 
the lower limbs (Coplan 2002).  
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Despite the assumption that fitness levels may affect performance, there has been 
little published exploring this relationship. This may be because quantifying 
performance itself is not as straight-forward as quantifying aspects of physical 
fitness. Several authors have investigated various fitness parameters among student 
versus professional dancers (Chmelar et al. 1988a, Chmelar et al. 1988b), or 
between artists/ members of the corps de ballet versus soloists (Misigoj-Durakovic 
2001, Wyon et al. 2007). However, a student dancer may be a more proficient 
performer than a professional and therefore these studies cannot be used to form a 
basis for the present study. A dancers’ ranking within a company may give some 
indication of the proficiency of the performer. However, because this ranking is 
often decided by one individual, for example, the artistic director of the company, it 
is largely subjective. Nevertheless, differences have been observed between dancer 
levels for aerobic fitness, jump height (Wyon et al. 2007) and body composition 
(Misigoj-Durakovic 2001), where artists and principals had greater aerobic fitness 
but first artists and soloists had greater jump height and lower body fat percentage. 
It should however be considered that these differences, particularly with regard to 
aerobic capacity and jump height, may have actually occurred as a result of the 
roles that these dancers perform. 
Several authors have attempted to measure dance performance in order to assess the 
use of training or conditioning methodologies (Bushey 1966, Koutedakis et al. 
2007, Krasnow et al. 1997, Radell et al. 2003, Raymond et al. 2005). However, 
only one of these investigated ballet dancers, who were students assessed by their 
teacher and an external examiner. This study also examined teaching methodology 
in relation to performance (Radell et al. 2003). Due to the apparent lack of research 
examining the affect of fitness on performance proficiency in this area, the aim of 
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the current study was to examine the associations between selected physical fitness 
parameters and performance proficiency in classical ballet dancers, to determine 
whether an improvement in fitness may potentially affect performance. 
 
5.1.2 Method 
5.1.2.1 Participants 
17 dancers (F=14, M=3; aged 19±0.7) in their final period of vocational training 
participated in the study. All participants signed an informed consent document. 
Ethical approval for the study was granted by the University of Wolverhampton 
ethics committee. 
 
5.1.2.2 Physiological testing 
The participants completed fitness tests in accordance with the British Association 
of Sport and Exercise Science (BASES) guidelines (Wyon 2006), the American 
College of Sports Medicine (Armstrong et al. 2005). Members of the research team 
were assigned to specific tests; these assignments remained constant throughout the 
data collection period. 
 
Anthropometry 
The participants removed footwear before standing height was measured to the 
nearest 0.5 cm using a stadiometer. Total body weight was measured to the nearest 
0.5 kg. Using a Harpenden caliper (John Bull, St. Albans, UK), body fat percentage 
(%BF) was calculated from body density (Siri 1961). Body density was was 
calculated according to the 4-sites formula of Durnin and Womersley (1974) 
Flexibility 
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Subjects performed 2 separate ‘développé á la seconde’ movements. This 
movement combined hip flexion, abduction and external rotation, beginning from a 
standing posture, according to a protocol recommended for dancers (Wyon 2006). 
The first was performed passively, where the dancer held their foot to achieve 
maximum range of motion (MROM) (see figure 5-1). The second was active, using 
the dancer’s active strength to achieve MROM (see figure 5-2). These movements 
were performed on the right, and then the left leg. The dancers were photographed 
at MROM using a digital camera resulting in 4 images; 2 active and 2 passive. 
Images were printed and the active and passive ROM was measured with the use of 
a geometrical protractor.  
 
 
Figure 5-1 Passive développé a la seconde 
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Figure 5-2 Active développé a la seconde 
 
Muscular power 
Standing vertical jump height was measured using a jump meter (Jump MD, TKK 
5106; Takei Yashiroda, Japan). Volunteers were barefoot, or wore socks or soft 
ballet shoes. From a standing 1st position (heels together and legs externally rotated) 
they were then instructed to perform a ‘demi-plié’ (90 degree bend of the knees 
whilst maintaining upright posture) and then to jump as high as possible off both 
feet, whilst keeping their arms still, either by placing hands on the waist, or in a 
bras bas position (see figure 5-3). Dancers were reminded to maintain secure 
classical technique (externally rotated lower limbs, correct classical posture, and 
stretched legs and feet during the jump – see figure 5-3). Participants were 
subsequently instructed to perform a single leg hop with similar technique, on both 
legs. For each test the dancers performed 3 repetitions, and the highest score (in 
cm) was recorded for further analyses.  
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Figure 5-3 Vertical jump in 1st position 
 
Muscular endurance 
Upper body endurance was measured using a press-up test. Female dancers used a 
modified position, while male dancers assumed a regular press-up position (see 
figure 5-4). The maximum number of press-ups (full flexion and extension of the 
arms) performed consecutively in one minute was recorded. Endurance of the 
‘core’ musculature was tested by maintaining the ‘plank’ position for as long as 
possible (see figure 5-5). The plank position (whole body parallel to the floor and 
supported by the fore-arms) requires an isometric contraction of the abdominal and 
dorsal muscles. The total time, in seconds, which the dancers spent in the required 
position was recorded. 
111 
 
 
Figure 5-4 Modified press-up position for females 
 
 
Figure 5-5 The 'plank' position 
 
Aerobic capacity 
The aerobic capacity of the dancers was tested using the ballet-specific aerobic 
fitness test as described previously. This 20 minute, continuous test consists of five 
progressively demanding stages, each of four minutes duration. Heart rate (HR), 
measured using a Polar HR monitor (Finland), was recorded immediately following 
each stage.  
 
5.1.2.3 Performance assessment 
Each of the participants was video-recorded performing an excerpt of classical 
repertoire, either solo or in a small group. These performances were subsequently 
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assessed by an experienced classical ballet professional, for technique and artistry 
using a reliable assessment tool. This tool was previously designed and tested in 
this thesis. 
 
5.1.2.4 Statistical analyses 
The mean scores for each of the performance criteria, and the mean overall 
performance score, for each dancer were compared to the fitness test outcomes, 
using Pearson’s correlation co-efficients, and backward regression analysis. 
Independent t-tests were used to analyse differences between males and females, 
and bilateral differences in jump height and flexibility. Statistical significance was 
set a p<0.05. Analysis was conducted using SPSS v14.0. 
 
5.1.3  Results 
Table 5-1 shows the mean scores achieved by the dancers in physiological tests and 
performance assessments, and the differences between males and females.  
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Table 5-1 Fitness test and performance assessment scores 
 Performance 
assessment  
%BF Jump height 
(cm) 
Active 
flexibility R 
(degrees) 
Passive 
flexibility R 
(degrees)  
Active 
flexibility L 
(degrees) 
Passive 
flexibility L 
(degrees) 
Press-ups 
(number of 
reps) 
Plank hold  
(seconds) 
M 75.67±16.9 8.99±0.3† 53.33±8.5† 103.67±11.2† 142.0±7.6* 100.67±7.6† 145.00±6.2* 60±8.7 146±72.27 
F 77.54±8.7 20.83±2.1† 33.83±4.1† 127.00±11.1† 160.85±10.5* 133.46±9.6† 159.15±10.15* 41±15.5 115.46±55 
 
*=significant difference, where p<0.05 
†=significant difference, where p<0.01 
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Due to the significant differences occurring between genders for many of the fitness 
parameters, subsequent analyses were performed on male and female data 
separately. 
 
5.1.3.1 Female participants 
Pearson correlation coefficients detected no significant associations between total 
performance score and any of the physical parameters.  Backward regression 
analysis revealed that the best predictor of high overall performance scores was the 
combined effects of jump heights of both legs and good active flexibility of the left 
leg (F=4.142, df=3, p=0.042). 
 
Pearson correlation coefficients revealed significant positive correlations between 
the performance scores for spacing (r=.638 p=0.026), expression (r=.635, p=0.027), 
x-factor (r=.593, p=0.042) and skill (r=.584, p=0.046) and power (jump height) of 
the right leg.  A significant positive correlation was also seen between the score for 
expression and jump height of the left leg (r=.580, p=0.048) 
 
Through backward regression analysis, jump height and active flexibility were also 
shown to be strong predictors of the separate performance scores. The results of 
these regression analyses can be seen in table 5-2. 
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Table 5-2 Best predictors for each of the performance criteria for female dancers, as revealed 
through backward regression analysis 
Criteria being assessed Independent variable Significance (p) 
Co-ordination Active flexibility – L 
Jump height – L 
Plank hold  
Difference between active and 
passive flexibility of the right leg 
(negative prediction power) 
0.016* 
0.017* 
0.018* 
0.034* 
Control No significant predictors  
Spacing Jump height - R 0.014* 
Accuracy of movement Jump height - R 0.039* 
Skill / Virtuosity Jump height off two feet 0.015* 
Timing Jump height – R 0.050* 
Dynamics and phrasing No significant predictors  
Expression Jump height – L 0.032* 
Communication Jump height – R 
Active flexibility - R 
0.025* 
0.047* 
X-factor Jump height - R 0.012* 
*=significant where p<0.05 
 
 
Independent t-tests revealed no significant differences between right and left legs in 
any of the variables. 
 
5.1.3.2 Male participants 
Pearson correlation coefficients detected no significant associations between total 
performance score and any of the physical parameters. Several positive correlations 
were observed between physical parameters and separate performance criteria; 
passive flexibility of the left leg was positively correlated with X-factor score 
(r=1.00, p<0.001), while active flexibility of the right leg was positively correlated 
with skill (r=1.00, p=0.006), dynamics (r=1.00, p=0.015) and co-ordination scores 
(r=.999, p=0.030). However due to the low numbers of male participants, 
regression analysis could not be carried out. 
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5.1.4 Discussion 
The aim of this study was to investigate the associations between selected 
parameters of physical fitness, and the standard of a classical ballet performance, as 
assessed using a variety of technical and artistic criteria. The main findings of the 
study were that the combination of power (vertical jump) and active flexibility was 
found to be the strongest predictor for the overall performance score, and also for 
most of the separate performance criteria, with active flexibility of the right leg, 
core stability and power of the left leg also affecting several of the separate criteria. 
  
The results of the present study confirm that dancers with a high lower body power 
output performed better, overall. There was no clear or significant difference 
between the jump height of the right and left legs, however the results of the female 
dancers indicate that high scores for 5 out of the 10 performance criteria are 
associated with jump height of the right leg, high scores for co-ordination and 
expression associated with jump height of the left leg, and high scores for skill 
associated with higher jumps off two feet. Therefore it may be concluded that a 
high power output of both legs is associated with high performance marks. This 
supports the recommendation that dancers require high power outputs (Koutedakis 
et al. 2005). Recent research of classical repertoire has shown that dancers are 
required to perform, on average, up to 10 jumps per minute, although this number, 
and the intensity of the performance varies from role to role (Twitchett 2008). The 
choreography of the repertoire performed in the current study may have placed 
more demand on jumping from the right leg which may explain why performance 
scores would have been affected by strength in the right leg as opposed to the left. 
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The associations between both active flexibility and passive flexibility in areas such 
as co-ordination, skill and X-factor confirm the assumption that ‘good’ dancers who 
are currently training and performing need the ability to perform well-controlled, 
large ranges of motion at the hip joint, which are often referred to as ‘high 
extensions’. These movements are reliant upon not only having super-normal 
ranges of motion at the hip joint, as previously described (Reid et al. 1987) but 
having the muscular strength to be able to sustain and control the movement, in an 
‘effortless’ manner (Deighan 2005). This supports previous work in which dancers 
who increased the strength of the thigh muscles saw a performance improvement 
(Koutedakis et al. 2007). It has been suggested that the difference between active 
and passive flexibility measurements should be considered more frequently in 
dance, as opposed to merely one or the other measurement, as this passive to active 
ratio gives a good indication of joint stability (Deighan 2005). The findings of the 
present study indicate that female dancers with a lower passive-active flexibility 
difference scored higher in the area of ‘co-ordination’ thus supporting that this 
difference should be considered during training. 
Core stability was also found to be a significant predictor of higher co-ordination 
scores, in female dancers, supporting the widespread current view of the importance 
of core muscular strength and endurance in dance. 
 
While aerobic capacity was not found to be a significant predictor of high 
performance marks, this may be due to the nature of the performances which were 
assessed in the current study. The majority of the pieces assessed were short 
excerpts which would not have been as aerobically demanding as full length 
classical ballets. Upper body endurance was also not found to be a significant 
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predictor. Again, the length of the assessed performances may have affected this, as 
they were not long enough to be sufficiently demanding of endurance capacities. It 
may also be argued that while a press-up test may be activity-specific for 
contemporary dancers, ballet dancers do not perform the same amount of upper 
body work; studies have shown that female ballet dancers are only very rarely 
involved in supporting movements, while male dancers may perform an average of 
1-2 lifts per minute. Upper body strength may also have not been a predicting factor 
in the current study due to the choreography performed, where most lifts were 
assisted, in that the females jumped whilst being lifted, as often occurs in classical 
ballet (Twitchett 2008).  
It is reasonable to assume that the results of the current study may have been 
affected by methodological limitations, such as a relatively small number of 
participants, particularly males, the performances assessed, and certain amount of 
subjectivity which may be present when assessing dance performance. However, 
within the limitations of the study, it is concluded that flexibility, power and 
strength can affect classical ballet performance. Further research of this nature is 
recommended on a larger sample of professional dancers, along with studies to 
investigate the effects of supplementary training programs on classical ballet 
performance. 
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5.2  Do increases in selected fitness parameters affect classical 
ballet performance and incidence of injury? 
5.2.1 Introduction 
Research in classical ballet to date has been observational in nature; there is a 
paucity of literature investigating the effect of supplemental fitness training on 
ballet performance, or on the health and well-being of dancers. While it has been 
recommended that levels of fitness adequate to avoid fatigue would be 
advantageous in performance, the study of such has been only in gymnasts (Baldari 
and Guidetti 2001, Guidetti et al. 2000).   
Physical fitness may be defined as the individuals' ability to meet the demands of a 
specific physical task (Koutedakis and Sharp 1999). The scientific analysis of the 
various fitness components (aerobic and anaerobic capacities, strength, muscular 
endurance, flexibility and anthropometry) increases understanding of the stresses 
placed upon the dancers’ body, and in so doing may improve training techniques, 
enhance stage performance, and help control the incidence of injuries.  
Many dancers have cited fatigue as one of the most prominent causes of injury 
(Laws 2005) and fatigue can also cause a decrease in performance components such 
as balance, poise and co-ordination, alignment (Allen and Wyon 2008, Baldari and 
Guidetti 2001). Published data have indicated that dancers have poor aerobic 
capacities compared to athletes in other high-intensity, intermittent activities 
(Cohen et al. 1982b, Schantz and Astrand 1984). Furthermore, it has been found 
that the work that classical ballet dancers carry out in class, rehearsal and 
performance places little stress on the cardiovascular system, and is insufficient to 
further develop aerobic fitness (Cohen et al. 1982b, Schantz and Astrand 1984). 
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However, limited aerobic capacity may force performers to work supramaximally 
during dance action and take longer to recover causing central and peripheral 
fatigue.  In sport fatigue has been shown to have a detrimental effect on skill 
(Guidetti et al. 2000, Royal et al. 2006) and it is logical to assume that this is 
reflected within dance.  Therefore dancers with better aerobic fitness levels will be 
less affected by fatigue and its deleterious effects on dance technique and 
performance.  
A number of studies have reported that dancers do not display the same strength 
levels as other equivalent athletes, (Bennell 1999, Calé-Benzoor et al. 1992, Reid 
1988). Due to these low strength levels, dancers are left even more prone to injury 
at times of fatigue (Allen and Wyon 2008, Kumar 2001). In fact, research has 
shown that low levels of thigh strength have been associated with greater severity 
of injury in dancers, (Koutedakis et al. 1997).   
The aim of the current study was to examine how a period of supplemental fitness 
training incorporating aerobic and local muscular endurance training might affect 
the incidence of injury and the quality of performance in classical ballet dancers. 
 
5.2.2 Method  
5.2.2.1 Participants 
The total of 17 dancers (F=14, M=3) volunteered. The dancers were in the final six 
months of a vocational training programme and were performing within a touring 
company. All participants gave their informed consent. Ethical approval for the 
study was granted by the Research Centre for Sport, Exercise and Performance 
Ethics Committee, University of Wolverhampton. Nine dancers were randomly 
assigned to a control group and eight to an intervention group. To ensure that the 
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groups were homogeneous prior to the commencement of the intervention, all 
participants underwent body composition assessments and testing for aerobic 
fitness, lower limb power, hip flexibility (active and passive) and upper body and 
core musculature endurance as described by Wyon (2006). Independent t-tests 
revealed no significant differences between the control and intervention groups for 
any of the fitness parameters. 
 
5.2.2.2 Intervention 
The intervention group participated in 10 one-hour-long fitness training sessions 
over the course of a 10-week period. These sessions were led by two qualified 
healthcare professionals and followed the same format each time. The sessions 
were aimed at improving aerobic capacity and local muscular endurance using 
high-intensity, interval training and circuit training methods. Aerobic capacity was 
stressed using high-intensity interval training, alternating one-minute activity with 
one-minute rest, for 20 minutes. This method of training was chosen to develop 
aerobic fitness, but in a manner which reflects the work-to-rest ratios observed in 
many classical ballet performances (Cohen et al. 1982a, Cohen et al. 1982b, 
Twitchett 2009). The intensity of the work was set between 15-18 on the 20-point 
Borg scale (Bird et al. 2005).  The second part of the training session involved 
circuit training, where a minute of exercise targeting a specific muscle group was 
followed by a minute of skipping with 10 second change over period. Figure 5- 1 
depicts a typical circuit with the exercises that were chosen. The training methods 
were chosen to reflect the high-intensity, intermittent nature of classical ballet 
performance, as agreed in the literature (Cohen et al. 1982a, Cohen et al. 1982b, 
Schantz and Astrand 1984, Twitchett 2009). The control group did not receive any 
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additional training but were offered the intervention program following the 
completion of the study. 
 
Figure 5-6 A typical circuit 
 
5.2.2.3 Outcome measure - Performance 
All dancers were video-recorded performing a pre-determined excerpt of classical 
ballet repertoire at the outset and again at the conclusion of the study. The pre- and 
post-intervention videos for both groups were randomised, prior to analysis by an 
experienced classical ballet assessor, using the performance assessment protocol 
devised previously. The differences between pre-intervention scores and post-
intervention scores were calculated and analysed using statistical software. 
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5.2.2.4 Injury surveillance 
Data regarding the number, nature and severity of injuries suffered by each dancer 
was collected by the company physiotherapist following consultations with the 
dancers. The information gathered included the length of time a dancer was unable 
to participate in class, rehearsal or performance as well as the length of time a 
dancer was modifying their activity due to an injury using categories devised by 
Laws (2005) 
5.2.2.5 Statistical analyses 
Routine pre-analyses were conducted using the Kolmogorov-Smirnov normality 
tests to detect if variables were normally distributed. Preliminary independent t-
tests were used to analyse differences between the two groups for the number of 
injuries sustained and the total time of activity modification as a result of injury.  
Following the injury analysis, independent t-tests were used to assess any 
differences in fitness levels between the two groups of participants before the 
intervention period, before analysing the changes in performance scores. 
Independent t-tests were used to analyse these pre- to post-intervention changes in 
scores, between the two groups of dancers. These pre- to post-intervention changes 
can be seen in table 5-3. Statistical analysis was performed using SPSS software 
(version 16.0; SPSS Inc, Chicago, IL). Statistical significance for all analyses was 
set at p<0.05. 
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Table 5-3 Changes in score from pre-intervention to post-intervention 
Variable being 
assessed 
Change in score 
Control group 
Change in score 
Intervention group 
Total performance 
score 
1.56±3.97 6.25±4.10* 
Co-ordination 0.3±0.50 0.5±0.54 
Control of movement 0.2±0.83 1.0±0.54* 
Spatial awareness 0.1 ±0.60 0.5±0.76 
Accuracy of movement 0.6±1.01 0.8±0.46 
Skill level (virtuosity) -0.1±1.36 1.1±0.84* 
Timing and 
rhythmical accuracy 
0.4±0.88 0.5±9.3 
Response to phrasing 
and dynamics 
0.1±0.60 0.6±0.92 
Expression and 
interpretation 
0.2±0.67 0.25±0.46 
Comm. / projection -0.3±0.87 0.5±0.76 
‘X-factor’ 0.0±0.50 0.9±0.99* 
* indicates a significant pre- to post-intervention difference, where p<0.05 
 
5.2.3 Results  
5.2.3.1 Injuries sustained and time of activity modification due to 
injury (TAM.) 
Independent t-tests revealed no significant differences (p<0.05) between groups for 
the number of injuries, or for TAM. However, it should be noted that 6 members of 
the control group spent 14.8±14.6 days modifying their activity as a result of injury 
while only 2 members of the intervention group had 9.71±16.9 days of activity 
modification.  
5.2.3.2  Performance proficiency assessments 
Independent t-tests revealed significant differences between control and 
intervention groups for the pre- to post-intervention change in the total proficiency 
score (p=0.03).  Statistical differences were also noted within a number of the sub 
categories; control (p=0.039), skill (p=0.043) and ‘x-factor’ (p=0.033). Descriptions 
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of each of the variables assessed during performance can be seen in previous 
chapters.  
 
5.2.4 Discussion 
The aim of the current study was to examine how a period of supplementary fitness 
training, specifically designed to stress the aerobic system and to improve muscular 
endurance, might affect the incidence of injury and the quality of performance of 
classical ballet dancers. The key findings of the study indicated that the 
performance proficiency of the intervention group improved significantly more than 
that of the control group though there was no significant affect on the injury 
incidence among the dancers. 
A similar study of rhythmic gymnasts, a sport with many similar demands to 
classical ballet, reported that the individual performers’ anaerobic threshold (IAT) 
was a critical factor in performance (Guidetti et al. 2000). This threshold represents 
the maximum amount of work over which the amount of blood lactate begins to 
accumulate in the blood. This accumulation affects muscle contraction (Gollnick et 
al. 1986) and could impair a performance in terms of co-ordination, intricate skill, 
poise and grace (Baldari and Guidetti 2001).   Training the aerobic system, as in the 
present study, would have a positive effect on performance, by moving the 
anaerobic threshold to a higher oxygen consumption thereby allowing more work to 
be done prior to this threshold or before becoming fatigued. This may explain the 
significant increase in overall score, and particularly the increase in scores for 
control and skill, in the intervention group over the control group. 
The absence of statistical significance regarding number of injuries and TAM due 
to injury may be due to the low numbers of injuries sustained by all of the dancers 
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who took part in the study. Only one dancer suffered more than one injury over the 
performance period.  Fourteen out of the seventeen dancers taking part suffered 1 
injury, although only 8 of these required activity modification. There was a trend 
towards a higher incidence of performance-limiting injury in the control group; 6 
out of the 9 dancers in the control group versus 2 of the 8 dancers in the 
intervention group spent time modifying their activity as a result of injury.  
Lower TAM may indicate less severe injuries, or a faster recovery time. 
Unfortunately the injury data within the present study does not give this 
information. However, the differences between the groups observed in TMA may 
be explained by increased levels of aerobic fitness, as a result of participation in the 
intervention. It has been documented that fatigue may be a causative factor of 
injury in dance, particularly of acute injuries such as falling or twisting (Warren et 
al. 1986, Hardaker Jr 1989, Askling et al. 2002, Wong et al. 2001). Fatigue may 
also result in faulty alignment which, after repetition over time, may cause injury of 
an overuse or chronic nature (Koutedakis et al. 1997). Increased aerobic fitness in 
the intervention group may have protected the dancers against more severe fatigue 
related injuries by enabling them to carry out their daily workload without 
becoming fatigued to such an extent as may cause injury. 
It was encouraging to see that the scores for the intervention group did not decrease 
over time. Any decreases may have indicated that the extra training on top of the 
dancers’ regular schedule was too much; insufficient rest may lead to ‘overtraining’ 
situations, where the dancers exhibit physical and psychological symptoms such as 
a decrease in ‘technical ability’ (skill, control, co-ordination), reduced ability to 
heal from illness or injury, depression, irritability and a decrease in energy 
(Koutedakis 2000). However, it appears that within the present study, this extra 
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training was not detrimental to the dancers and is further evidence to support the 
inclusion of weekly aerobic fitness training sessions into current dance training 
programmes. 
 
 It is recognised that the present study had a small sample size and the volume of 
training exposure was low compared to previous literature (Hickson et al. 1980, 
Marcinik et al. 1991, Rana et al. 2008, Campos et al. 2002); but this does not 
detract from the fact that a fitness intervention has had a positive effect on the 
participants’ dance performance. Further study is recommended, on larger and more 
varied samples of dancers to determine whether, and how, changes in fitness do 
indeed improve classical ballet performance. 
 
5.2.5 Practical Applications 
The present study gives some evidence that supplemental training should be 
included into the schedules of vocational classical ballet students. Even one, hour-
long, session per week may be sufficient to increase proficiency in aspects of 
performance such as skill and control. Consequently, rather than being seen as a 
‘necessary evil’, fitness training may enhance the effectiveness of technique 
training. 
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6 Physical fitness, injury occurrence and time loss 
through injury  
This chapter includes work which has been accepted for publication by Journal of 
Dance Medicine and Science entitled ‘Does physical fitness affect injury 
occurrence and time loss due to injury in elite vocational ballet students? By Emily 
Twitchett, Anna Brodrick, Manuela Angioi, Yiannis Koutedakis and Matthew 
Wyon, and work that has been published by Medical Problems of Performing 
Artists entitled ‘Body composition and ballet injuries: A preliminary study’, 2008. 
23 p. 93-98. Emily Twitchett,, Manuela Angioi, Giorgos S. Metsios, Yiannis 
Koutedakis, Matthew Wyon . 
 
The previous chapter highlighted a link between fitness and performance, and also 
suggested that physical fitness may affect injury incidence and time loss through 
injury in dancers. This chapter explores these associations, beginning with the study 
of aerobic fitness, flexibility, muscular power and endurance, and body 
composition. The second part of this chapter further investigates the association 
between body composition and injury status. 
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6.1 Does Physical Fitness Affect Injury Occurrence and Time Loss 
Due to Injury in Elite Vocational Ballet Students?  
 
6.1.1 Introduction 
It has been reported that 85% of professional ballet dancers suffer an injury within a 
12 month period (Laws 2005). In this study of a large number of dancers, self-
reported injury was described as “a physical problem deriving from stress or other 
causes to do with performance, rehearsal, training, touring or the circumstances of 
dance life, which affects your ability to participate fully in normal training, 
performance or physical activity.” While this datum does not account for other 
factors, such as hours of training or performing, the participants within the study 
were all full-time, professional dancers in the UK. In a separate study, where data 
were collected by a company healthcare professional, 370 injuries were reported 
from a company of 54 professional ballet dancers. This equated to nearly seven 
injuries per dancer over a 12 month period (Allen and Wyon 2008).  
While many authors have documented various risk factors for injury in dance, such 
as anatomical characteristics, past medical history, (Evans et al. 1998, Luke et al. 
2002),  menstrual history, (Hamilton et al. 1985),  dance experience, (Evans et al. 
1998),  length of dance training, (Evans et al. 1998), fatigue and stress, (Hamilton 
et al. 1989),  body characteristics, (Benson et al. 1989, Twitchett et al. 2008), and 
nutrient intake, (Liederbach 2000, Yannakoulia et al. 2000), levels of conditioning 
or physical fitness, such as aerobic fitness, strength and flexibility, have only 
recently received an equivalent level of interest (Koutedakis 2005). 
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Benson et al. (Benson et al. 1989) reported that dancers with a body mass index 
(BMI) <19 spent more time off due to injury than dancers with a greater BMI; 
however, as the use of BMI has been criticized in athletic populations, studying 
information such as percent body fat (%BF) may be more appropriate (Burke and 
Deakin 2000, Fitt 1988). A recent investigation reported significant associations 
between low %BF and time off due to injury, particularly with regard to acute 
injuries such as sprains (Twitchett et al. 2008).  Low %BF may, in part, be 
attributed to a restriction of caloric intake, as has been observed within the dance 
population (Kaufman et al. 2002). By limiting caloric intake dancers are reducing 
the energy reserves available, and muscles may consequently suffer fatigue more 
rapidly, resulting in uncoordinated or abnormal joint loading, which can result in an 
injury (Kumar 2001). Several authors have reported that acute injuries tend to occur 
more frequently when dancers are fatigued (Luke et al. 2002, Warren et al. 1986, 
Hardaker Jr 1989, Askling et al. 2002, Wong et al. 2001).  It is suggested that this 
fatigue is partially related to a restriction in dietary energy intake (Twitchett et al. 
2008). As effective healing also requires energy, (Fuhrman 2003) this restriction 
may help to explain longer healing times in dancers with lower %BF. 
Poor aerobic fitness levels may be an underlying source of injury in dance, due to 
the effects of cumulative fatigue (Allen and Wyon 2008); however, this has yet to 
be proven. Several authors have reported that dancers do not display the same 
strength levels as other equivalent athletes, (Bennell 1999, Calé-Benzoor et al. 
1992, Reid 1988), which can leave dancers even more prone to injury at times of 
fatigue (Allen and Wyon 2008). Indeed, Koutedakis et al. found that low levels of 
thigh strength were associated with greater severity of injury in dancers 
(Koutedakis et al. 1997).  
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Reid et al. (Reid et al. 1987) speculated that dancers are more prone to injury due to 
unbalanced flexibility patterns—for example, large ranges of motion in hip 
abduction, flexion and external rotation, but lower ranges of hip adduction and 
internal rotation, than non-dancers (Reid et al. 1987).  Excessive ranges of any joint 
motion may leave an individual prone to injury (Grahame 2007) and, furthermore, 
Deighan states that joint stability, measured by the difference between active and 
passive ranges of motion, is an important risk factor to be considered (Deighan 
2005). However, no studies have investigated this difference and its effect on 
injury. 
The aim of the present study was, therefore, to investigate the associations between 
ballet injury and body fat percentage, active and passive flexibility, lower limb 
power, upper body and core endurance, and aerobic capacity. 
 
6.1.2  Method 
6.1.2.1 Participants  
13 elite female dancers (aged 19±0.7 yrs) in their final period of vocational training 
at the same training establishment participated in the study. At the time of 
participation all dancers were part of a touring performance group, and were taking 
one class and at least two rehearsals daily in addition to regular performances.  All 
participants signed an informed consent document. Ethical approval for the study 
was granted by the ethics committee of the Research Centre of Sport, Exercise and 
Performance, University of Wolverhampton. 
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6.1.2.2 Physiological testing 
All physiological tests for anthropometry, flexibility, muscular power, muscular 
endurance and aerobic fitness were carried out as previously described in chapter 7.  
 
6.1.2.3 Injury surveillance 
Data regarding the number, severity and nature of injuries sustained over the 15 
weeks following fitness assessments were collected by a healthcare professional 
from whom the participants sought treatment. These data reflected categories in the 
injury questionnaire utilized by Laws (Laws 2005). 
 
6.1.2.4 Statistical analyses 
Routine pre-analyses were conducted using the Kolmogorov-Smirnov normality 
tests to indicate whether variables were normally distributed. Pearson and 
Spearman correlation coefficients were utilized to detect linear associations among 
the studied variables. Backward regression analysis examined the strength of the 
association between the specific physical parameters and time of activity 
modification due to injury. Statistical analysis was performed with SPSS software 
(version 14.0, SPSS inc., Chicago, IL). Statistical significance was set at p<0.05.   
 
6.1.3 Results 
Of the injuries sustained over the 15-week period eight dancers suffered one 
”overuse,” or chronic type of injury, two dancers suffered one acute injury, and one 
dancer suffered two acute injuries. Eight of the twelve injuries reported were to the 
foot or ankle. Other sites included the upper back, lower back, and hip. 
Examination of Pearson correlation co-efficients revealed a significant negative 
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correlation between the length of time a dancer was modifying her activity (TAM) 
as a result of injury and %BF (r= -.614, p=0.026). This is displayed in Figure 6-1. 
Spearman correlation co-efficients revealed a significant positive correlation 
between the number of injuries sustained and the heart rate observed at the end of 
the aerobic fitness test (r=.590, p=0.034). This can be seen in Figure 6-2. Dancers 
who suffered acute injuries also had higher heart rates at the end of the DAFT; 
however, this was not statistically significant. Backward regression analysis also 
revealed a significant negative association between TAM and %BF (p=0.039). 
However, no other variables appeared to predict TAM in the present sample. 
 
Figure 0-1 Days of activity modification associated with body fat percentage 
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Figure 0-2 The incidence of injury and aerobic fitness 
 
 
6.1.4 Discussion 
The aim of the present study was to investigate the associations between ballet 
injury and body fat percentage, active and passive flexibility, lower limb power, 
upper body and core endurance, and aerobic capacity. The main finding was that 
among the female dancers aerobic fitness was significantly correlated with the 
number and nature of injuries sustained, and that body fat percentage was 
significantly correlated with the length of time for which activity was modified. 
In the dance aerobic fitness test (DAFT) a lower heart rate toward the end of the 
test indicates better aerobic capacity (Wyon et al. 2003) .The correlation observed 
in the current study therefore indicated that dancers with a lower level of aerobic 
fitness (as indicated by higher heart rates) suffered more injuries that those dancers 
with better levels of aerobic fitness. This finding supports the belief that dancers 
require a good level of aerobic fitness to perform well and to minimize injury risks 
(Hardaker Jr 1989). Many authors cite fatigue as an injury risk factor in dance 
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(Laws 2005, Luke et al. 2002, Warren et al. 1986, Hardaker Jr 1989, Askling et al. 
2002, Wong et al. 2001). Ballet is a high-intensity, intermittent form of exercise, 
(Twitchett 2009, Schantz and Astrand 1984, Cohen et al. 1982b) requiring short 
bursts of intense exertion, repeatedly, throughout a class, rehearsal or performance. 
Fatigue will occur more rapidly in dancers with a lower level of aerobic fitness, due 
to their reduced ability to recover between high-intensity bouts of exercise 
(Hardaker Jr 1989). Once fatigued, the ability to perform movements requiring 
complex skill is compromised (Hardaker Jr 1989).  Subsequent faulty alignment, 
inefficient biomechanics, and stress placed on the muscles and joints can only be 
tolerated a certain amount before injury. Once this pattern becomes repetitive, as 
often happens in rehearsals, an injury is more likely to occur (Yannakoulia et al. 
2000). 
The length of time a dancer modifies activity as a result of injury (TAM) may be 
indicative of the severity of injury, healing or recovery time, or a combination of 
these factors. In the current study only one fitness component was significantly 
associated with TAM, and this was body fat percentage. Results suggested that 
TAM was significantly longer (p=0.026) in dancers with a lower %BF. This 
supports a previous study, involving self-reported injuries, in which time off from 
injury was also longer in dancers with lower %BF (Twitchett et al. 2008). A similar 
study, involving BMI rather than %BF, also reported greater time off through injury 
in dancers with a lower BMI (Benson et al. 1989). While low body fat may be 
related to many factors, it is known that dancers frequently restrict their diets, 
particularly their caloric intake (Kaufman et al. 2002). Energy, proteins, fatty acids 
and vitamins all contribute to effective wound healing and collagen synthesis 
(Fuhrman 2003, Greenway et al. 1999, Hunt and Hopf 1997, Declair 1999, 
136 
 
Mechanick 2004), and so a limited or restricted diet may in part explain the 
association between greater healing times and lower %BF.  
It is reasonable to assume that the present results may have been affected by 
limitations such as the small sample size, of only female dancers. While data 
gathered by a healthcare provider may be more reliable than self-reported injury 
data, it still requires that dancers seek help for their injuries, and that the healthcare 
provider take time out of what may be a busy schedule to review existing injury 
details and log data as injuries occur. The length of time of modified activity is a 
useful variable; however, future studies may benefit from more information about 
the severity of injury when it was sustained, along with the time taken to recover. 
This would enable researchers to differentiate between a long recovery due to 
severe injury and one due to such factors as diet and fitness level.  
The authors accept that other factors such as personality traits (e.g., perfectionism), 
which can influence the desire to maintain low body weight, may have also 
contributed to over-adherence to rehabilitation protocols. Whereas a dancer eager to 
get back to full fitness may perceive that maximum adherence will result in a 
quicker return to performing, it may actually hinder the recovery process (Taylor 
and Taylor 1997). However, investigation of factors such as this was beyond the 
scope of the present study. The authors also accept that injury may have been 
influenced by the performance demands placed upon each dancer. While the 
participants were technically students at the time of study, they were following a 
touring schedule similar to that of a professional company. It was therefore 
impossible to control the dancers’ performance schedule, as this was dictated by the 
artistic staff.  
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While accepting that the present study may have been hampered by a small sample, 
it is concluded that, within the present sample, aerobic fitness and body fat 
percentage are associated with the number of injuries sustained and the time taken 
to recover from injury, respectively. This information may be of use to those 
working with ballet dancers when investigating supplemental training programs as 
part of an injury prevention strategy. Information regarding the association between 
body fat and injury is also valuable when advising dancers and artistic staff against 
excessive thinness within the ballet profession. Further research is recommended to 
examine in greater detail the effects of aerobic fitness and body composition on 
injuries in ballet dancers.  
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6.2  The effect of body composition on injury in elite vocational 
ballet students. 
6.2.1 Introduction 
Several authors have investigated the relationship between injuries in dancers and a 
variety of risk factors, including anatomical characteristics (Reid et al. 1987, 
Liederbach 2000), past medical history (Evans et al. 1998, Luke et al. 2002), 
menstrual history (Hamilton et al. 1985), dance experience (Evans et al. 1998), 
length of dance training (Evans et al. 1998), fatigue and stress (Hamilton et al. 
1989), nutrient intake (Liederbach 2000, Yannakoulia et al. 2000) and levels of 
physical fitness (Koutedakis 2004). However, there is limited published material on 
somatotype and percentage body fat, in relation to injury, which the current authors 
propose to investigate. While some aspects of body composition are genetically 
determined, knowledge of body composition and how it might be associated with 
injury can help when devising preventive strategies (Kumar 2001).  
 
Published data on classical ballet dancers indicate a relationship between dance 
injuries and low body mass index (BMI) (Benson et al. 1989). Dancers with a BMI 
lower than 19 spent more days off dance due to injury, compared to dancers with a 
BMI greater than 19. However, as the use of BMI in athletic populations has 
attracted some criticism (Burke and Deakin 2000), information on somatotype and 
body fat percentage (%BF) may be more appropriate, as they have direct 
implications for understanding the bodies’ capacities and limitations (Fitt 1996).  
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The ‘body profile analysis system’, or ‘somatotype’, or the ‘Heath-Carter 
somatotype’, was originally developed in the 1950s for males only. According to 
this system, three basic builds (or physiques) were identified describing the degree 
of roundness (endomorphy), muscularity (mesomorphy), and linearity 
(ectomorphy) of the body. These classifications exhibit the characteristics of the 
extreme variants found in the population. Specifically, endomorphy is characterised 
by softness of the body and there is a predominance of the abdomen area over 
thorax; mesomorphy is characterised by large bones covered by thick muscle, while 
ectomorphy’s common features include linearity, fragility and delicacy of the body 
(Koutedakis and Sharp 1999). Figure 6-3 depicts these three somatotypes in their 
extremes. It has recently become accepted that while the basic pattern of 
somatotype is genetic, nutrition and exercise can play a part in changing a persons 
somatotype (Bale 1994). 
 
Figure 0-3 examples of somatotypes 
 
Literature has reported that dancers are predominately ectomorphic individuals 
(Carter 2003). The aesthetically ideal body type in many professional ballet 
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companies is a mesomorphic - ectomorph profile (Ryan and Stephens 1987) with 
low waist–to-hip and waist–to-thigh circumference ratios (To et al. 1997). 
However, although this body type may be aesthetically favoured, it has not yet been 
proved whether it is also the most anatomically durable for dance. For example, in 
arabesque, the long lower extremity can act as a powerful lever on the lower back, 
where the short torso and relatively weak abdominal muscles may not dissipate the 
force (Koutedakis and Sharp 1999). Previous studies involving female dancers 
indicated that although they constitute a very lean group of active individuals, 
whose mean levels of fatness can range from 13.8 to 22.1% of body weight 
(Hergenroeder et al. 1993, Hergenroeder et al. 1991, Karlsson et al. 1993, Micheli 
et al. 1984, van Marken Lichtenbelt et al. 1995, Young 1994), they nevertheless do 
not demonstrate the lowest body fat values among female active individuals 
(Koutedakis and Sharp 1999). The majority of these studies were carried out on 
elite ballet dancers and the most common methods used for the assessment of the 
body composition were underwater weighting and the use of skinfold 
measurements (Yannakoulia et al. 2000). A recent review article suggested that 
ballet dancers tend to be leaner than their modern counterparts (Wilmerding 2005). 
Studies have shown that typical relative %BF values range from 12.7 to 24.0% in 
female ballet dancers (Mori and Kuno-Mizumura 2004, Yannakoulia et al. 2004, 
Mihajlovic and Mijatov 2003, Berlet et al. 2002, Kaufman et al. 2002, Yannakoulia 
et al. 2000, Wilmerding et al. 2001, Eliakim et al. 2000, Misigoj-Durakovic et al. 
2005), while in male ballet dancers range from 5.0 to 17.8 % (Koutedakis and 
Sharp 1999, Berlet et al. 2002, Wilmerding et al. 2001). Contemporary dancers 
showed higher mean %BF values than their ballet counterparts as females mean 
values ranged from 17.15 to 20.0% (Brinson and Dick 1996, Yannakoulia et al. 
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2000, Berlet et al. 2002, Wilmerding et al. 2001, Mittleman et al. 1992, Potter and 
Lavery 1996) and males exhibited mean values of 12.0% (Brinson and Dick 1996).   
 
Those working in the field of dance recognise that dancers are ‘weight-
preoccupied’, and restrict caloric intake (Culnane and Deutsch 1998). This may be 
responsible for the high frequency of menstrual disorders among female dancers 
(Warren et al. 1986). It also is recognised that this can lead to an increase in injury 
(Calabrese and Kirkendall 1983). However few studies have actually investigated 
the effect of somatotype on injury occurrence, and healing, in dance. Therefore, the 
aim of this study was to determine possible associations between somatotype and 
%BF and self-reported injury characteristics in ballet students. 
 
6.2.2 Method 
6.2.2.1 Participants 
Forty-two ballet students in vocational training (men = 11, women = 31) 
volunteered. Participants were asked to undertake an anthropometric assessment, 
and to complete a simple questionnaire on their last 12-month injury history. 
Written informed consent was obtained from all participants after full oral and 
written explanation of the data collection procedures. The Research Centre for 
Sport, Exercise and Performance Ethics Committee, University of Wolverhampton 
approved the study protocol. The tests were conducted in the order described 
below.  
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6.2.2.2 Somatotyping 
The Heath-Carter (Carter 2003) anthropometric protocol was used to calculate the 
somatotype for each participant. This included the measurement of stature, body 
mass, 4 skinfolds (triceps, subscapular, supraspinale, and medial calf), 2 breadths 
(byepicondilar humerus and femur), 2 limb girths (arm flexed and tensed; medial 
calf). 
 
Circumferences were measured to a precision of 0.1 cm using a plastic tape 
measure. Height and weight were recorded using a portable stadiometer and an 
electronic scale. Skinfold thickness was assessed using Harpenden calipers. The 
somatotype for each participant was calculated by entering the data into equations 
derived from the rating form. Mean values obtained were plotted in a 2-D 
somatochart, and volunteers were classified according to the somatotype categories 
(Carter 2003). A trained member from the research team conducted all 
measurements. 
 
6.2.2.3 Body Composition 
Body fat percentages were calculated from the mean of three readings per site 
according to the 4-sites formula of Durnin and Womersley (Durnin and Womersley 
1974), where the sum of the triceps, subscapular, suprailiac and calf skinfolds were 
needed to calculate the Body Density (Hassan et al.). The Siri equation (Siri 1961) 
was then used to calculate the %BF by converting the BD scores to an estimate 
%BF. The following formulae were chosen, according to the existing literature, as 
valid for both men and women participants. 
1) BD = 1.1714 – 0.063 X log10 (S) – 0.000406 X Age 
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2)  % Body Fat = (   4.95  - 4.50  ) Χ 100  Men  
     BD 
 
 % Body Fat = (   5.01  - 4.57  ) Χ 100  Women  
     BD 
 
 
6.2.2.4 Injury Questionnaire 
All participants were asked to record the incidence, severity and nature of injuries 
sustained over the 12 months preceding anthropometric data collection. Dancers 
had also to provide information on the length of time that they were affected by 
each injury, and the time that dancers were completely unable to dance, as a result 
of their injury. The responses given by each volunteer were analysed by a 
healthcare professional as follows; total time affected due to all injury, time 
affected due to acute injury, time affected due to overuse injury, total time off due 
to all injury, time off due to acute injury, and time off due to overuse injury. ‘Time 
affected’ refers to the length of time (in days) that a dancer was able to participate 
but was modifying activity due to an injury. ‘Time off’ refers to the length of time 
(in days) that a dancer was completely unable to participate in class, rehearsal or 
performance due to an injury. 
 
6.2.2.5 Statistical Analysis 
Routine pre-analyses were conducted using the Kolmogorov-Smirnov normality 
tests to detect if variables were normally distributed. Descriptive statistics and were 
used for reporting the results and Pearson’s or Spearman’s correlation coefficients 
were used to detect linear associations among the studied variables. Comparisons of 
mean±std values were conducted using independent t-tests; for variables that were 
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not normally distributed non-parametric tests (Mann-Whitney U) were utilised. 
Adjusting for gender, MANOVA was also used to determine which of the 
independent variables (i.e. body fat and different somatotypes) influenced the time 
off. Statistical analysis was performed with SPSS software (version 12.0, SPSS inc, 
Chicago, IL). Statistical significance for all analyses was set at p<0.05.   
 
6.2.3 Results 
According to the descriptive statistics, the total present sample of ballet dancers was 
characterised (based on the Heath-Carter manual) as a balanced mesomorph 
somatotype (endomorphy – mesomorphy – ectomorphy = 3.4±0.9 – 3.9±1.4 – 
3.2±1.2). Moreover, the somatotype of the female dancers was central, i.e. 3.7±0.7 
– 3.4±1.1 – 3.6±1.1, whereas the male somatotype was balanced mesomorph i.e. 
2.7±0.8 – 5.4±1.0 – 2.2±0.7. Using the Mann-Whitney U test it was found that the 
endomorphic ratings were also significantly different between males and females 
(p=0.002); the equivalent parametric analysis (ANOVA) revealed significant 
differences for both mesomorphic and ectomorphic ratings between genders (both 
at p<0.001). A schematic representation of the somatotype scores for the current 
both males and females appears in Figure 6-4. 
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Figure 0-4 Somatotype scores 
  
 
The overall mean±std %BF was 15.6±3.0. The mean±std BF of females and males 
was 16.5±2.6 and 13.2±3.1, respectively. ANOVA revealed that these two values 
were significantly different (p=0.002).  
 
Table 6-1 depicts the overall as well as the gender-specific injury rates in the 
present participants. No significant differences were detected (Mann-Whitney U 
test) between any injury type in male and female ballet dancers (p>0.05). In the 
overall sample significant negative correlations were observed between 
mesomorphy and the rate of overuse injuries (r=-0.38, p=0.013) as well as the time 
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off from overuse injuries (r=-0.33, p=0.032). Body fat significantly correlated with 
the time off from acute injury (r=-0.32, p=0.04) and the total time off from any 
injury (r=-0.31, p=0.048). Finally, and most significantly, we found that 
standardised for gender MANOVA revealed that the ectomorphic rating was a 
strong predictor of acute injuries (F1,36=5.4, p=0.026).  
 
Table 0-1 Injury frequency and resulting time off 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Frequency of acute injuries  
Females 
Males 
Overall 
 
0.29±0.5 
0.54±0.6 
0.35±0.5 
Time off due to acute injury  
Females 
Males 
Overall 
 
4.87±16.5 
11.72±19.3 
6.66±17.3 
 
 
Frequency of overuse injuries 
Females 
Males 
Overall 
 
0.45±0.6 
0.18±0.4 
0.38±0.5 
Time off from overuse injury  
Females 
Males 
Overall 
 
6.90±17.9 
2.54±6.4 
5.76±15.8 
 
 
Total time off due to all injuries  
Females 
Males 
Overall 
 
51.6±91.0 
68.6±105.8 
56.07±94.1 
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6.2.4 Discussion 
 
The aim of this study was to determine possible associations between selected 
anthropometric variables (i.e., somatotype and %BF) and self-reported injury 
characteristics in ballet students. It was found that while %BF was significantly 
correlated with several variables discussed below, the ectomorphic rating was a 
strong predictor of acute injuries in classical ballet students.  
  
The present dancers had a mean %BF of 15.6±3.0%. This is in line with previous 
work (Koutedakis and Sharp 1999, Brinson and Dick 1996, Mori and Kuno-
Mizumura 2004, Yannakoulia et al. 2004, Mihajlovic and Mijatov 2003, Berlet et 
al. 2002, Kaufman et al. 2002, Yannakoulia et al. 2000, Wilmerding et al. 2001, 
Eliakim et al. 2000, Misigoj-Durakovic 2001, Mittleman et al. 1992, Potter and 
Lavery 1996) where the body fat percentage ranged from 5-24%.The results 
revealed significant negative correlations between low body fat percentage, and 
both the incidence of injury and the length of time dancers were affected by their 
injuries.  
 
The results also showed ectomorphy, or linearity, to be a strong predictor of acute 
injuries. Acute injuries, such as falling, twisting or spraining may be due to many 
factors, however they tend to occur more frequently when dancers are fatigued 
(Luke et al. 2002, Warren et al. 1986, Hardaker Jr 1989, Askling et al. 2002, Wong 
et al. 2001).  This cause of injury can be explained by a Differential Fatigue Theory 
(Kumar 2001). This theory explains that different muscles operating a joint may 
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fatigue at different rates, and will be able to generate less force. If activity causing 
this fatigue continues, the biomechanics and loading pattern of the joint may 
become uncoordinated or abnormal, resulting in an injury (Kumar 2001).  
 
The present study also revealed that participants with lower mesomorphy ratings 
were more affected by overuse injury. Overuse injuries are common in dance due to 
the repetitive nature of the training (Druss and Silverman 1979). The repetition of 
muscular loading can result in cumulative fatigue, which reduces the stress-bearing 
capacity of the muscle (Kumar 2001). It is understood that to prevent injury, and 
when recovering from injury, strength and balance in the musculature is important 
(Bryan and Smith 1992, Holmich et al. 1999). It is also recognized that faulty 
alignment and biomechanical weaknesses can be a causative factor in the onset of 
injuries (Koutedakis et al. 1997). In dancers with lower mesomorphy it may be that 
repetitive load causes fatigue and a reduction in the amount of stress the muscle can 
tolerate before injury, compared to that of dancers with higher mesomorphy. 
Inefficient biomechanics, which have previously been discussed as a risk factor, 
occur due to an in imbalance of muscular strength. This may also explain the higher 
incidence of overuse injury in those with less muscle. This supports a previous 
study (Koutedakis et al. 1997), which found that dancers with lower thigh power 
outputs were associated with more severe injuries. The healing process may also 
take longer in individuals with less muscle, as when faced with demand, joints 
surrounded by weaker soft tissue are subject to more strain due to overexertion, 
than those surrounded by stronger soft tissue, therefore may take longer to recover 
from the cause of the chronic injury (Kumar 2001, Weiss and Zlatkowski 1996).  
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Although many factors can affect the incidence of dance injury, it may be possible 
to speculate that body composition may be a causative factor too. Previous studies 
reported significant correlations between %BF, dietary fat intake and energy intake; 
participants with a lower intake of dietary fat and energy had lower body fat 
percentages (Tucker and Kano 1992, Romieu et al. 1988, Dreon et al. 1988, Miller 
et al. 1990). While many other factors such as genetics, age, exercise and smoking 
can affect %BF (Kippers 1999), links between nutrient deficiencies and slower 
wound healing have been found (Eneroth et al. 1997). Studies have found that 
energy, protein, fatty acids, insulin and zinc along with other growth factors such as 
arginine and vitamin A contribute into effective wound healing (Greenway et al. 
1999, Hunt and Hopf 1996, Declair 1999, Fuhrman 2003). Vitamin C is required 
for collagen synthesis and therefore may also be vital in the length of time a dancer 
is injured (Fuhrman 2003, Mechanick 2004). As energy is required for effective 
healing (Fuhrman 2003), dancers who severely restrict calorie intake may be 
actively limiting their healing. 
 
The significant differences in body composition observed between genders support 
previous work (Ryan and Stephens 1987, Koutedakis and Sharp 1999). In the 
present study it was found that males have a lower body fat percentage than 
females, supporting precious work in dance and in the general population (Brinson 
and Dick 1996, Gallagher et al. 2000, Micheli et al. 2005, Heyward and Wagner 
2004, Blaak 2001, Balady 2000).  The American College of Sports Medicine 
recommend between 3-5% in males and between 9-12% in females, for essential 
body function, and between 10-20% and 15-25% for males and females 
respectively, for general health (Balady 2000). This gender difference may be due 
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to differences in hormones, hormone receptors and enzyme concentrations. These 
differences in BF between males and females can be seen from puberty, when BF% 
decreases in males, and increases in females because of a natural hormonally 
induced part of the growth process (Koutedakis and Sharp 1999).  
 
It is reasonable to assume that the present results may have been influenced by 
methodological limitations such as the age range of participants and the use of the 
self reported questionnaire. Specifically, due to their slightly mixed age range (16-
19 years) the amount of training each dancer had received prior to data collection 
may have potentially affected somatotype data, as discussed in this study. Also, the 
self-report questionnaire, which was thoroughly evaluated by a single healthcare 
professional to determine the nature and severity of injuries sustained by the 
dancers, relies upon dancers reporting accurately. However for a preliminary study 
this was deemed the simplest and most effective method of collecting information 
from a varied subject group. 
 
It was concluded that high ectomorphy ratings, low %BF values and low 
mesomorphy ratings are linked to injury This information  may be applied in 
educating dancers, teachers, choreographers and directors that thinner dancers are 
not necessarily as durable, and are not only more prone to injury, but may take 
longer to recover. It is recommended that further study be carried out on a larger 
sample of professional dancers with a minimum of 3 years vocational training. 
Ideally information regarding injuries should come from a company healthcare 
provider such as physiotherapist, company doctor, athletic trainer or massage 
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therapist combined with self-reporting of injuries using a clear and concise 
questionnaire. 
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7 Summary 
Having completed a review of the current literature regarding physical fitness and 
classical ballet training and performance, several things became apparent. Firstly, 
the true physiological demands of training and performance had not been published. 
While several authors (Cohen 1980, Cohen et al. 1982a, Cohen et al. 1982b, 
Schantz and Astrand 1984) had attempted to determine the cardiorespiratory 
demands, their studies had been limited by the available data collection equipment. 
Even less data exist regarding the strength, power and muscular endurance 
demands. It has been reported that true strength has not generally been considered 
as an important aspect of dance performance (Koutedakis 2004) however upon 
examination, dancers display different patterns of strength to non-dancers. Dancers 
also display different patterns of flexibility to non-dancers; this may be inherent, 
suggesting that dancers who succeed are naturally more flexible, or it may be as a 
direct result of dancing (Reid et al. 1987). This may lead to the assumption that the 
best dancers are the most flexible, however this also has yet to be ascertained. As 
classical ballet is an aesthetic art form, physiological characteristics of professional 
dancers such as flexibility, and also body composition, are often dictated, albeit 
indirectly, by artistic directors or choreographers. However, the most aesthetically 
desirable dancers may not be the most durable, and may be more prone to injury.  
Despite the lack of reliable data regarding the physiological demands of classical 
ballet, it has become accepted that it resembles a high-intensity, intermittent form 
of exercise, using all energy systems, and requiring a good aerobic foundation in 
order to avoid fatigue. The literature reviewed also reported that dancers have 
poorly developed fitness parameters. This may account for the high injury rates 
seen in classical ballet (Allen and Wyon 2008, Laws 2005). Central fatigue, 
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resulting from poor aerobic fitness, and local fatigue, resulting from poor muscular 
endurance, will have a detrimental effect on skill, alignment and biomechanical 
efficiency. It is hypothesised that this detriment will then affect not only the quality 
of the dancers’ performance but will also leave the dancer susceptible to injury.  
In order to test these hypotheses, several initial studies were carried out. Over 45 
classical ballet performances were analysed using a video-analysis system, to better 
determine the amount of time dancers spent working at different intensity levels 
during performance. Data were also collected regarding jumps and partner work. 
The results from the study supported the conclusion that classical ballet is a high 
intensity, intermittent form of exercise, at performance level, but also found that 
different dancers within a company hierarchy worked at different intensities.  
A full work day (10.00am – 6.30pm) was analysed in terms of work intensities and 
rest periods, for 51 female, professional dancers. Again, significant differences 
were observed between dancer roles. Interestingly, performance data indicated that 
principal dancers spent more performance time at moderate and high intensities , 
and less time at rest / very light intensity than the other dancers, however over day’s 
class and rehearsal,  this was the opposite with principals spending more time at rest 
and less time at higher intensities than the other dancers.  
In terms of periods of rest throughout the day, 90% of dancers had less than 60 
consecutive minutes rest at any given time. In fact, a third of dancers had less than 
20 consecutive minutes rest at any given time. This information supports the 
hypothesis that dancers are susceptible to fatigue. 
Both of these studies provided original contributions to knowledge. The video 
analysis system adopted in chapter 3 has never been used to analyse classical ballet 
previously, and data from the study, particularly regarding the number of jumps 
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performed, and the performance intensities reached by different dancers within a 
company has never been published before now. The study of a dancer’s day as in 
chapter 4 has also never been achieved prior to this point. The development of new 
technology has allowed real-time data to be collected rather than having dancers 
document their day, sometimes retrospectively. Close examination of rest periods 
has also never existed prior to now.   
 
The original hypothesis of the project was that fitter dancers dance better, and get 
fewer injuries, however several research ‘barriers’ still existed before these 
hypotheses could be examined. The first involved the assessment of fitness within a 
classical ballet population. While several reliable protocols existed for the 
assessment of fitness parameters such as flexibility and lower-limb power within a 
classical ballet setting, no ballet-specific test existed to assess the aerobic fitness of 
the classical ballet dancer. Our hypothesis required a reliable and validated 
measurement of aerobic fitness and so the next step of the project was to design a 
test for this purpose. The novel, ‘ballet aerobic fitness test’ was based on the ‘dance 
aerobic fitness test (Wyon et al. 2003) but adapted by using classical ballet 
movements. Part of the development was also to ascertain the peak oxygen demand 
of a ballet class, in order to ensure that the test met at least this demand.  
Despite having decided upon the tests necessary to assess the fitness of classical 
ballet dancers, one research ‘barrier’ remained. This was the assessment of 
performance, or aspects of performance, in a scientific and reliable manner.  
Judging criteria from international classical ballet competitions were compared with 
assessment criteria from three international dance societies and two vocational 
training establishments. Performance criteria common to all methods were 
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identified and put into one protocol  in which each of the criteria was to be rated 
using a likert scale of 1-10, giving a total possible score of 100. The novel 
‘performance proficiency assessment’ tool was tested for reliability using three 
different assessors, each of whom watched 18 repeated and randomised video 
performances from six dancers.  The tool was deemed reliable for use by 
experienced dance professionals when accompanied by detailed guidance notes. 
Following this, seventeen elite vocational dance students were assessed for fitness 
and for performance proficiency using a range of fitness tests, including the newly 
designed ballet specific aerobic fitness test, and the newly designed performance 
proficiency tool. This was the first time that fitness components had been directly 
compared to performance proficiency in classical ballet. The results from this 
preliminary study indicated associations between high levels of performance 
proficiency and core stability, lower limb power and flexibility at the hip joint. 
Aerobic fitness did not appear to affect the performance in this study, however the 
repertoire performed consisted of short excerpts, the longest of which was 
approximately 12 minutes long. The performances may not have been long enough 
to stress the aerobic system to the point at which skill becomes compromised. 
Having carried out background research, and having designed and tested reliable 
novel tools for the purpose, the first part of our initial hypothesis could be tested. 
Eighteen dancers were randomly assigned to either a control group or an 
intervention group. Fitness levels of all dancers were tested for homogeneity, and 
performances of all dancers were video recorded before the intervention group 
began a ten-week training programme, aimed at improving aerobic fitness and local 
muscular endurance. At the end of the programme all dancers were video recorded 
again, performing the same choreography as at the outset. The ‘before’ and ‘after’ 
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video performances were randomised and assessed by an independent, experienced 
dance professional using the performance proficiency assessment tool. While all 
dancers’ performance scores increased, this increase from ‘before’ to ‘after’ was 
significantly greater in the group who underwent the additional fitness training, 
suggesting that a dancer’s performance can significantly be enhanced by improving 
their aerobic fitness and local muscular endurance. 
The final part of the initial hypothesis then was tested in two parts. The first study 
used a sample of 42 dancers, and compared the dancers’ somatotype with self-
reported injury data from the 12 months preceding anthropometric data collection.   
The second study used quite a small sample of 13 dancers and compared a range of 
fitness parameters, including aerobic fitness as assessed using the novel tool 
developed in the earlier stages of this project, with injury data collected over 15 
weeks from the healthcare professional  from whom the participants sought 
treatment.  In the first study it was found that those dancers with less body fat, 
higher ratings for ectomorphy (or linearity) and low ratings for mesomorphy (or 
muscularity) suffered more with injury. This was supported by the second study, in 
which it was found that dancers with lower body fat percentage spent more time 
modifying activity as a result of injury. This second study also supported the 
hypothesis presented at the outset of the project; those dancers with better aerobic 
fitness suffered fewer injuries.   
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8 Limitations 
There were several factors which limited the study overall. The greatest factor was 
the availability of subjects, particularly at professional level. Almost all of the 
individual studies involved student volunteers as opposed to professional; the one 
study which did involve professional dancers still had an unbalanced sample, 
resulting in analysis of female dancers only. While the final year vocational student 
dancers who participated in several of the studies were ‘the next best thing’, the 
sample was unbalanced with very few males. 
 
In chapter 3, video-analysis data collection may have been limited by the accuracy 
of the data collection methodology employed, and the small amount of subjectivity 
involved. The second part of chapter 3 would clearly have benefited from male 
participants, and more balanced number of corps de ballet dancers, first artists, 
soloists and principal dancers.  While the methodology gave information regarding 
time ‘at rest’, the dancers’ timetables were unknown, nor were their activities 
during these breaks. In chapter 4, both studies were limited by low participant 
numbers, and the student/recreational level of the participants. The performance 
assessment measure also involves a degree of subjectivity; better training or clearer 
guidance would have helped to reduce this subjectivity. 
Study 5 was again limited by low numbers of participants, and a lack of 
male:female balance (as is often observed within dance).  The choreography used 
for both studies was not the same for each dancer, making direct comparison 
challenging. Choreography also consisted of short excerpts which may not have 
been long enough to represent ‘typical’ repertoire of a professional dancer, or 
challenge the physiological systems in a similar way to that of more typical 
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repertoire performed by professional dancers.  The number of supplementary 
training sessions that dancers were able to attend, due to their pre-existing schedule, 
was not really enough to ensure that fitness improved. Attendance at the sessions 
was also irregular, further compounding the issue. Finally, the dancers’ schedule 
was such that final fitness testing could not be carried out, and so any changes in 
fitness remain unknown. Therefore any changes in performance following the 
intervention period may not necessarily have been due to a change in fitness levels. 
In chapter 6, the studies were limited by the methodology of injury reporting. The 
first study relied upon dancers seeking help for their injuries, and the 
physiotherapist reporting them accurately. The second relied upon the dancers 
accurately self-reporting their injury data. This self-reporting method is limited 
predominantly by participants remembering information accurately. Other 
limitations in this chapter also include the lack of male participants, and in the 
second study, the prior training of the participants was unknown and could have 
impacted on both injury and somatotype data. 
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9 Suggestions for future research 
Further research is recommended, in all areas of the thesis. The video analysis 
methodology employed in chapter 3 requires refinement for use with classical ballet 
dancers as opposed to contemporary dancers, particularly including more reference 
to relevés to pointe for females, and some reliability analysis would further enhance 
its future use. Further analysis is recommended on individual sections of classical 
repertoire, for example specific solos, or pas de deux.  The second study in this 
chapter would benefit from analysis of both male and female dancers, and a similar 
number of dancers from each ran, i.e. corps de ballet, first artist, soloist or principal 
dancers. Future research should include more rigorous monitoring of the dancers’ 
activity inside and outside of the studios, and monitoring of energy intake would 
also be beneficial in the investigation of fatigue.  
It is recommended that the aerobic fitness test designed in chapter 4 is tested more 
rigorously, using a large sample of professional dancers, and that the  performance 
assessment measure is also developed further, possibly to include standardisation 
trials for the assessors, or to examine the more subjective elements. 
It is suggested that the studies in chapter 4 are repeated using larger samples, and 
using choreography for the performance assessment which is more representative of 
professional performance repertoire. The piece of choreography assessed should 
also be the same for all participants. The fitness tests employed should also be 
constantly reviewed for reliability and relevance; it is recommended that a test for 
calf muscles/ relevé endurance be considered as part of this protocol. It is strongly 
recommended that the intervention study in this chapter be repeated, using a larger 
group, of professional dancers. All dancers should undergo fitness assessments at 
the end of the period of training, which should be sufficient to elicit an 
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enhancement in fitness. Further research in this area would also control for all other 
physical activity such as time spent in class, rehearsal and performance to ensure 
that the supplementary fitness training was eliciting any subsequent change in 
performance, rather than more rehearsal etc. 
It is also recommended that for any study involving injury data, methodology 
allows for differentiation between the length of time a dancer took to recover from 
an injury, and the severity of an injury. While, theoretically, a more severe injury 
will take longer to recover from, recovery may be affected by many factors (as 
discussed in chapter 7). Dancers with limited healing capabilities, for many reasons, 
may take longer to recover from a less-severe injury and this information would be 
valuable in the process of assisting these dancers. Future research of this nature 
would ideally control for all other factors affecting injury occurrence and recovery, 
such as the dancers’ schedule, diet, and adherence to rehabilitation/recovery 
protocols. 
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11 Appendices 
Sample video analysis data collection sheet 
time Intensity Body Segments Partner Lifts Transitory 
 rest VL L M H VH leg hip sp upper solo +1 Assist lift catch support S>F F>S Ju Plié ChDir 
0.30                      
1.00                      
1.30                      
2.00                      
2.30                      
3.00                      
3.30                      
4.00                      
4.30                      
5.00                      
5.30                      
6.00                      
6.30                      
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Video Analysis-Raw data 
  
Descriptive 
Piece Role 
Stron
g 
Ligh
t 
Centr
al 
Peripher
al 
Quic
k 
Slo
w 
Wor
k 
Giselle Female Corps 7 
33.
5 4 37 15 25 37 
Giselle Myrtha 4 
15.
5 5.5 18 4.5 
15.
5 26 
Giselle Giselle 11.5 33 15 36.5 18 32 61.5 
Giselle Albrecht 17 
27.
5 17.5 37 17.5 31 57 
Giselle Hilarion 5 6 3 11 9 4.5 26 
Giselle Male Corps 5 13 1 14.5 4.5 11 73 
Swan Lake Odette/Odile 14 
23.
5 12.5 35.5 15 
23.
5 37.5 
Swan Lake Siegfried 20.5 
43.
5 19.5 55 23.5 
44.
5 62.5 
Swan Lake Benno 9 
12.
5 15.5 13 8.5 14 20 
The Dream Oberon 12.5 
16.
5 14.5 28 11 
19.
5 29 
Song Of The 
Earth 
Female 
Principal 13 
22.
5 30.5 13 9 29 35.5 
Symphony in D Male       12 
         
 
  Work Intensity  
VL= very light, L= light, M= moderate, H = high, VH = 
very high 
Piece Role Rest 
work to rest 
ratio VL L M H VH 
Giselle Female Corps 74 2 14.5 11.5 11 2 0 
Giselle Myrtha 85 3.3 8 7.5 2 4 0.5 
Giselle Giselle 49.5 0.8 14.5 25.5 20.5 7 0.5 
Giselle Albrecht 54 0.9 8.5 14 13.5 8 1 
Giselle Hilarion 85 3.3 2 3 5 2 0 
Giselle Male Corps 38 0.5 8.5 2.5 2.5 2 0 
Swan Lake Odette/Odile 63 1.7 2.5 21.5 15 2  
Swan Lake Siegfried 38 0.6 16.5 25 13.5 8 1.5 
Swan Lake Benno 80.5 4 7.5 6.5 3.5 3.5 1 
The Dream Oberon 22 0.8 4.5 11 8.5 4 0 
Song Of The Earth Female Principal 17.5 0.5 3.5 22 10 0.5 0 
Symphony in D Male 11.5 0.96 1 1.5 3.5 4.5 2 
         
 
  Body Segments 
Piece Role Lower leg Hip and thigh Spine Upper body 
Giselle Female Corps 34 19 10.5 31.5 
Giselle Myrtha     
Giselle Giselle     
Giselle Albrecht 40.5 21.5 13 35.5 
Giselle Hilarion 11 4.5 0.5 10 
Giselle Male Corps 14 5.5 0 10.5 
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Swan Lake Odette/Odile 36.5 29.5 25.5 36.5 
Swan Lake Siegfried 60 24.5 10 56.5 
Swan Lake Benno 19 6 8.5 19.5 
The Dream Oberon 27.5 22 14 27.5 
Song Of The Earth Female Principal 35.5 20 9 26.5 
Symphony in D Male 12 8.5 7.5 11.5 
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  Partner 
Piece Role Own Other 
Asst 
lift big lift catch support 
be  
lifted 
Giselle Female Corps 36 1      
Giselle Myrtha 39.5       
Giselle Giselle 23.5 23     18 
Giselle Albrecht 32.5 12.5 6  1 13  
Giselle Hilarion 10.5 0.5      
Giselle Male Corps 11.5 0.5      
Swan Lake Odette/Odile 20.5 20     21 
Swan Lake Siegfried 44.5 21.5 28 1  19 1 
Swan Lake Benno 18.5 8 14   1  
The Dream Oberon 21 10.5 13  3 9  
Song Of The 
Earth 
Female 
Principal 22 18 0 0 0 0 22 
Symphony in D Male 8.5 7.5 3.5 0 0 6  
 
Piece Role Transitory 
Giselle Female Corps S>F c/f/ast F>S c/f/ast Jumps Plies Chgdir 
Giselle Myrtha 4 c  4 c  382 638 12 
Giselle Giselle 1 c 1 c 99 153 1 
Giselle Albrecht 12 9/1/2 9 8/1 302 513 24 
Giselle Hilarion 23  20 20/0/0 178 343 171 
Giselle Male Corps 4 2/2/0 4 c 31 66 69 
Swan Lake Odette/Odile 1 c 1 c 127 174 27 
Swan Lake Siegfried 3 c 3 c 94 335 144 
Swan Lake Benno 20 18/2 19 c 84 285 233 
The Dream Oberon 1 c 1 c 112 198 82 
Song Of The 
Earth 
Female 
Principal 4 c 3 c 98 350 94 
Symphony in D Male 6 4/0/2 6 2/0/4 51 279 134 
  5.5  5.5  96 33 42 
S>F = standing to floor movement 
c/f/ast = controlled / falling / assisted 
F>S = floor to standing 
Chgdir = change of direction 
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Informed consent  
University of Wolverhampton 
 
School of Sport, Performing Arts and Leisure 
 
Research Study: The demands of a working day among classical ballet dancers 
 
Consent Form 
 
 
Name     ……………………………………………………………….. 
 
Email ………………………… 
 
 
Date of Birth ……..……………. 
 
 
I have read the attached Information Sheet and discussed the study with an 
investigator who has explained the procedures to my satisfaction.  I am willing to 
undergo the investigation but understand that I am free to withdraw at any time 
without having to give an explanation. 
 
 
Signed   ……………………. 
 
Witnessed  ……………………. 
 
Date   ……………………. 
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Work-day analysis - Raw data 
rank 
mean length  
of break 
longest  
break 
Average 
METS 
rest for  
1 min work % Sedentary % Moderate %Vigorous %Vvigorous 
Principals 4.271537821 30.3125 3.244611313 0.387463 51.83861 40.55403 6.324205 1.36903 
SD 1.824063208 34.85535588 0.679191638 0.301075 15.12838 10.83076 4.564962 1.843961 
Soloists 5.225457176 26.75 3.877912417 0.313773 38.97294 47.59024 10.80976 2.627051 
SD 2.527246035 16.12522022 1.103807085 0.340734 19.16694 11.19361 9.60282 4.336661 
First artists 6.493706794 51.75 2.7314815 0.65252 62.34255 34.00196 3.195564 0.459925 
SD 4.486028888 37.76153245 0.416347348 0.423966 10.2938 8.634271 2.46595 0.990642 
Corps de ballet 4.802705318 28.85714286 2.756188605 1.658461 66.41429 30.44 2.21 0.945714 
SD 1.190648693 11.58200575 0.288731203 2.79126 16.06022 14.85694 1.511015 1.307387 
Total 5.266045827 36 3.165603024 0.62773 54.10733 38.76586 5.833401 1.320777 
 3.072455736 31.35219291 0.822184884 1.110252 17.65639 12.17738 6.222716 2.526612 
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Informed consent and Par-Q 
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Pre-test Questionnaire 
 
Name................................................................................................................................ 
 
Date of Birth..............................................  Age................... 
 
As you are to be a participant in this laboratory, would you please answer the following questions truthfully and 
completely.  The purpose of this questionnaire is to ensure that you are in a fit and healthy state to complete the 
exercise test(s).  Your co-operation in this is greatly appreciated. *Please delete where appropriate 
 
ANY INFORMATION CONTAINED HEREIN WILL BE TREATED AS CONFIDENTIAL. 
 
1. How would you describe your present level of activity? 
Sedentary  moderately active  active  highly active* 
 
2. How would you describe your present level of fitness? 
Very unfit   moderately fit  trained  highly trained* 
 
3. How would you consider your present body weight? 
Underweight  ideal weight slightly over weight  very overweight* 
 
4. Smoking habits:     
Currently a smoker   yes/no*         A previous smoker                      yes/no*  of...…per 
day                  If previous smoker, how long since 
stopping?...........years 
An occasional smoker  yes/no* of ...........per day  
 
A regular smoker                yes/no*  of ...........per day 
 
5. Consumption of alcohol: 
Do you drink alcoholic drinks?    yes/no*  If yes then do you:  have the occasional drink?    yes/no* 
 
Have a drink every day?             yes/no*     Have more than one drink a day?                     yes/no* 
 
6.  Have you had to consult your doctor within the last 6 months?          yes/no* 
 If yes, please give details to the test supervisor 
 
7 Are you presently taking any form of medication?      yes/no* 
 If yes, please give details to the test supervisor 
 
8. Do you suffer, or have you ever suffered, from:  
Asthma?     yes/no*        Diabetes?      yes/no*        Bronchitis?     yes/no*           Epilepsy?     yes/no* 
 High blood pressure?      yes/no* 
 
9. Do you suffer, or have you ever suffered from, any form of heart complaint? yes/no* 
 
10. Is there history of heart disease in your family? yes/no* 
 
11. Do you currently have any form of muscle or joint injury? yes/no* 
 
12. Have you had any cause to suspend your normal training in the last two weeks?         yes/no* 
 
13. Is there anything to your knowledge that may prevent you from successfully completing the tests that 
have been outlined to you? yes/no* 
 
I have read, understood and completed this questionnaire.  Any questions I had were answered to my full 
satisfaction. 
Signature of participant  ........................................................................................            
Date...................................... 
 
I hereby declare that I have read this form in it's entirety and I understand that the questions asked have been 
answered to my satisfaction. 
Signature of tester  ............................................................................... 
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Video of ballet aerobic fitness test choreography 
See DVD 1 
 
Ballet aerobic fitness test - Raw data 
 
VO2 
stage 1 Stage 2 Stage 3 Stage 4 Stage 5 
AC test 1 25.75915 27.38677 38.64649 44.1094 47.00311 
AL test 1 26.68581 33.91159 39.60971 43.59956 42.67975 
LC test 1 31.1887 34.55268 41.03378 47.97181 48.68284 
LJ test 1 25.67191 28.54453 33.02751 32.67188  
LM test 1 23.08717 26.71262 35.2675 35.44094  
NW test 1 10.393 13.94194 17.94492 23.17982  
AH test 1 20.30423 22.71665 34.31109 31.91122  
AB test 1 20.88151 26.24294 30.72447 32.25847  
      
mean  22.99644 26.75122 33.82068 36.39289 46.1219 
SD 6.16547 6.506797 7.303808 8.212083 3.097042 
      
AC2 26.26276 28.22285 36.91887 44.71433 50.30415 
AL2 25.63088 32.79855 36.79061 43.13778 46.35844 
LC2 26.76409 31.95251 43.57066 50.74528 53.50164 
LJ2 29.69757 30.06928 41.44477 41.85858  
LM2 30.25432 35.85074 40.49369 42.99409  
NW2 10.2575 20.00548 29.42126 28.21329  
AH2 17.021 13.99555 20.12658 22.7964  
AB2 19.32436 19.21907 26.00489 26.67487  
      
mean 23.15156 26.51425 34.34642 37.64183 50.05474 
SD 6.976127 7.783648 8.297124 10.19742 3.578125 
 
 
BALLET DAFT VO2 (1st or only test)   
 end of stage 1 End 2 end 3 end 4 end 5 
 25.77 31.53 43.18 46.41  
 26.22 28.60 39.61 46.94 50.29 
 24.16 29.16 39.67 47.08 51 
 19.71 26.58 36.97 39.39  
 13.00 21.00 35.00 43.00 51.49 
 21.73 27.05 33.18 35.77  
 24.25 27.20 34.56 37.26  
 23.00 27.00 33.00 42.00  
 10.39 13.94 17.95 23.18  
 20.30 22.72 34.31 31.91  
 20.88 26.24 30.73 32.26  
 25.76 27.39 38.65 44.11 47.00 
 26.69 33.91 39.61 43.60 42.68 
 31.18 34.55 41.03 47.97 48.68 
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 25.67 28.55 33.03 32.67  
 23.09 26.71 35.27 35.44  
      
mean 22.61 27.01 35.36 39.31 48.52 
sd 5.14 4.90 5.79 7.06 3.302613 
 
Ballet aerobic fitness test - SPSS output 
Univariate Analysis of Variance 
Between-Subjects Factors 
  N 
stage 1 16 
2 16 
3 16 
4 16 
5 6 
test 1 35 
2 35 
subj 1 10 
2 10 
3 10 
4 8 
5 8 
6 8 
7 8 
8 8 
 
Tests of Between-Subjects Effects 
Dependent Variable:VO2      
Source 
Type III Sum of 
Squares df Mean Square F Sig. 
Intercept Hypothesis 64302.852 1 64302.852 190.602 .000 
Error 2376.939 7.046 337.368a 
  
stage Hypothesis 2712.306 4 678.077 69.430 .000 
Error 224.625 23 9.766b 
  
test Hypothesis 24.806 1 24.806 .474 .512 
Error 378.683 7.242 52.288c 
  
subj Hypothesis 2650.497 7 378.642 5.637 .013 
Error 539.518 8.032 67.174d 
  
test * subj Hypothesis 436.932 7 62.419 12.457 .000 
Error 115.251 23 5.011e 
  
stage * subj Hypothesis 224.625 23 9.766 1.949 .058 
Error 115.251 23 5.011e 
  
stage * test Hypothesis 29.227 4 7.307 1.458 .247 
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Error 115.251 23 5.011e 
  
a. .888 MS(subj) + .112 MS(stage * subj)    
b.  MS(stage * subj)      
c. .824 MS(test * subj) + .176 MS(Error)     
d.  MS(test * subj) +  MS(stage * subj) -  MS(Error)    
e.  MS(Error)      
 
Expected Mean Squaresa,b 
Source 
Variance Component 
Var(subj) Var(test * subj) Var(stage * subj) Var(Error) Quadratic Term 
Intercept 
7.612 3.806 2.000 1.000 
Intercept, stage, 
test, stage * test 
stage .000 .000 2.000 1.000 stage, stage * test 
test .000 3.529 .000 1.000 test, stage * test 
subj 8.571 4.286 2.000 1.000  
test * subj .000 4.286 .000 1.000  
stage * subj .000 .000 2.000 1.000  
stage * test .000 .000 .000 1.000 stage * test 
Error .000 .000 .000 1.000  
a. For each source, the expected mean square equals the sum of the coefficients in the cells times the 
variance components, plus a quadratic term involving effects in the Quadratic Term cell. 
b. Expected Mean Squares are based on the Type III Sums of Squares. 
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Video used for performance assessment measure 
See DVD 2 
 
Mark sheet and guidance notes for assessment 
 
 Section / Factor being 
assessed Description  
Mark 
out of 
10 
1 
Co-ordination 
 
Whole body moving harmoniously 
 
 
2 
Control of movement 
Controlled landing from jump/turn, controlled 
lifting/lowering of limbs, controlled shifting of 
body weight 
 
3 
Spatial awareness 
 
In dance space, use of peripheral space 
 
 
4 Accuracy of movement 
(as defined by sequence 
choreographer) 
Arm placing, feet positions (closings etc), fully 
stretched leg extensions if required,  correct 
placing as defined by choreography 
 
5 
Technical Skills 
 
Height of jump, height of extensions, ability to 
perform multiple turns 
 
 
6 Timing and rhythmical 
accuracy (as defined by 
choreographer) 
Dancing with correct timing as defined by the 
choreographer 
 
7 
Response to dynamics & 
phrasing 
Showing not only an awareness for changes in 
musical dynamics and phrasing, but responding 
to them in dance. Showing the correct dynamic 
for each movement. 
 
8 Expression and 
interpretation 
Does the dancer show expression throughout the 
whole body? Does the dancer know what they 
are dancing about if necessary 
 
9 Communication / 
Projection Is the dancer performing to an audience? 
 
10 
‘X-Factor’ 
 
Does the whole performance evoke an 
emotional response from the markers? 
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Guidance notes 
 
Co-ordination 
Whole body moving with good co-ordination. Being able to show a range of clean and pleasing 
lines throughout the body. Harmonious relationship of torso, limbs, head and eye focus. 
Accurate alignment. 
 
1-3 some evidence of co-ordination but limited and inconsistent 
4-6 some elements were stronger than others 
7-8 Secure co-ordination and alignment, and pleasing lines about 80% of the time 
9-10 Well co-ordinated movement all of the time with pleasing lines and accurate alignment 
 
Control of movement 
Sustained and balanced movements from initiation to conclusion, achieved through strength 
and correct use of turnout. Well stretched legs and feet, strong postural control, controlled 
lifting and lowering of arms and legs. Controlled elevation and landings. Controlled turns and 
transference of weight. 
 
1-3 little or no control of any of the above aspects 
4-6 some control however some aspects may be more secure than others 
7-8 generally well controlled movement about 80% of the time 
9-10 secure and well controlled work in all aspects 
 
Spatial Awareness 
Effective use of peripheral space and performance space. Ability to move through space, as 
appropriate to the choreography. 
 
1-3 little or no use of peripheral space. Poor use of performance space 
4-6 some good use of space but inconsistent. Some elements stronger than others. 
7-8 generally good use of space, about 80% of the time 
9-10 Secure and confident use of all space 
 
Accuracy of movement 
Well placed, neat and precise work with correct positioning of arms and legs appropriate to 
movement. No discrepancy between bent/straight. Precision and good articulation in intricate 
footwork as appropriate. 
 
1-3 Little or no precision throughout sequence. Unclear leg/arm lines 
4-6 Some precision but inconsistent. Some elements stronger than others 
7-8 Tidy work with correct positioning about 80% of the time 
9-10 Flawless, precise placing with well articulated gestures of limbs 
 
Technical skills 
Or virtuosity. Ability to execute multiple turns, high elevation, high extensions as appropriate 
to choreography.   
 
1-3 Little or no evidence of high technical skill in any element 
4-6 Some skill in some elements, but inconsistent 
7-8 Good virtuosity shown about 80% of the time 
9-10 A stunning performance showing virtuosity and skill throughout 
 
Timing and rhythmical accuracy 
As appropriate to dance sequence. Performing in time with the music. Response to rhythmic 
patterns.  
 
1-3 Little or no ability to perform in time to the music 
4-6 Performed in time for over half of the sequence, with some ability to respond to different 
rhythms 
7-8 Timing was accurate for most of the sequence, and response to varying rhythms was shown 
9-10 Timing was accurate throughout, with good response to various rhythms 
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Response to dynamics and phrasing 
Showing an awareness for changes in volume, musical ‘highlights’, the style, mood and 
phrasing, and responding to them in dance. Showing the correct dynamic for each movement.  
 
1-3 Little or no response to music was shown. Movements showed little or no dynamic qualities 
4-6 An awareness of the music was shown, although some aspects may be stronger than others. 
Dynamic qualities of movement were inconsistent 
7-8 Good response and musicality about 80% of the time 
9-10 Assured and varied musical response showing clear understanding of dynamic qualities of 
movement 
 
Expression and interpretation 
Expression reflected in face, body and dynamics of movement. Dancing with understanding 
and a good awareness of the motivation for the movement.  
 
1-3 Little or no expression was shown 
4-6 Some expression was shown, with limited understanding of motivation for movement 
7-8 Good expressive qualities about 80% of the time, with understanding of motivation for the 
movement 
9-10 Assured expression throughout the sequence shown in face, body and dynamics. Mature 
approach with understanding of the motivation for the movement 
 
Communication and projection 
Positive eye focus, engagement with the audience, projection of different expressions, feelings 
and emotions to an audience, as appropriate to choreography. 
 
1-3 Little or no audience awareness 
4-6 Some eye focus and awareness of audience shown 
7-8 Strong eye focus and projection of feelings, expressions and emotions about 80% of the time 
9-10 Excellent and well developed projection of a range of expressions, feelings and emotions with 
an audience. 
 
“X-Factor” 
The ability to “wow” an audience, through the use of technical precision and artistry. If this 
dancer was dancing as part of a group…would you be drawn to them? 
 
1-3 Dancer made little impression on the audience 
4-6 Rare glimpses of “X-Factor” but dancer not at full potential yet OR strong work but lacking “X-
Factor” 
7-8 Dancer has the ability to shine, but was hindered by slight aspects of performance 
9-10 ow! 
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Reliability analysis of performance assessment measure - Raw data 
Mean square error and limits of agreement (LoA)   
             
  Co-ordination control spacing accuracy virtuosity timing dynamics expression 
communicatio
n x-factor Total 
Judg
e             
             
1 mean sq error 0.256 0.5 0.833 1.033 1.3 0.3 0.922 0.789 0.5 0.722 15.1 
 
error (no. of 
marks) 
0.5059644
26 
0.7071
07 
0.9126
88 
1.0163
66 
1.1401
75 
0.5477
23 
0.9602
08 
0.8882567
2 
0.7071067
81 
0.84970
58 
3.8858
72 
             
2 mean sq error 0.1 0.189 0.322 0.189 0.233 0.267 0.189 0.267 0.189 0.122 11.122 
 
error (no. of 
marks) 
0.3162277
66 
0.4347
41 
0.5674
5 
0.4347
41 
0.4827
01 
0.5167
2 
0.4347
41 
0.5167204
27 
0.4347413
02 
0.34928
5 
3.3349
66 
             
3 mean sq error 0.3 0.256 0.056 0.422 0.189 0.256 0.322 0.389 0.167 0.3 9.789 
 
error (no. of 
marks) 
0.5477225
58 
0.5059
64 
0.2366
43 
0.6496
15 
0.4347
41 
0.5059
64 
0.5674
5 
0.6236986
45 
0.4086563
35 
0.54772
26 
3.1287
38 
             
             
 Judge1 95% LoA 
1.4024618
35 1.96 
2.5298
43 
2.8172
23 
3.1604
05 
1.5182
09 
2.6615
62 
2.4621220
12 1.96 
2.35526
44 
10.771
09 
             
             
 Judge2 95% LoA 
0.8765386
47 
1.2050
41 
1.5728
92 
1.2050
41 
1.3379
78 
1.4322
76 
1.2050
41 
1.4322759
51 
1.2050414
1 
0.96816
86 
9.2440
55 
             
             
 Judge3 95% LoA 1.5182094 1.4024 0.6559 1.8006 1.2050 1.4024 1.5728 1.7288044 1.1327375 1.51820 8.6724
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72 62 41 42 41 62 92 42 69 95 19 
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Univariate Analysis of Variance 
 
Descriptive Statistics 
 
Dependent Variable: total  
rep dancer Mean Std. Deviation N 
1.00 charlotte 69.0000 . 1 
anja 67.0000 . 1 
sam 73.0000 . 1 
gemma 84.0000 . 1 
annie 75.0000 . 1 
amy 70.0000 . 1 
Total 73.0000 6.09918 6 
2.00 charlotte 74.0000 . 1 
anja 73.0000 . 1 
sam 74.0000 . 1 
gemma 78.0000 . 1 
annie 77.0000 . 1 
amy 68.0000 . 1 
Total 74.0000 3.52136 6 
3.00 charlotte 78.0000 . 1 
anja 68.0000 . 1 
sam 73.0000 . 1 
gemma 84.0000 . 1 
annie 72.0000 . 1 
amy 68.0000 . 1 
Total 73.8333 6.21021 6 
Total charlotte 73.6667 4.50925 3 
anja 69.3333 3.21455 3 
sam 73.3333 .57735 3 
gemma 82.0000 3.46410 3 
annie 74.6667 2.51661 3 
amy 68.6667 1.15470 3 
Total 73.6111 5.11214 18 
 
 Tests of Between-Subjects Effects 
 
Dependent Variable: total  
Source 
Type III Sum 
of Squares df Mean Square F Sig. 
Intercept Hypothesis 97534.722 1 97534.722 1422.019 .000 
Error 342.944 5 68.589(a)     
rep Hypothesis 3.444 2 1.722 .176 .841 
Error 97.889 10 9.789(b)     
dancer Hypothesis 342.944 5 68.589 7.007 .005 
Error 97.889 10 9.789(b)     
rep * dancer Hypothesis 97.889 10 9.789 . . 
Error 
.000 0 .(c)     
a   MS(dancer) 
b   MS(rep * dancer) 
c   MS(Error) 
 
 Expected Mean Squares(a,b) 
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Source 
Variance Component 
Var(dancer) 
Var(rep * 
dancer) Var(Error) 
Quadratic 
Term 
Intercept 
3.000 1.000 1.000 Intercept, 
rep 
rep 
.000 1.000 1.000 rep 
dancer 3.000 1.000 1.000   
rep * dancer 
.000 1.000 1.000   
Error 
.000 .000 1.000   
a  For each source, the expected mean square equals the sum of the coefficients in the cells times 
the variance components, plus a quadratic term involving effects in the Quadratic Term cell. 
b  Expected Mean Squares are based on the Type III Sums of Squares. 
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Association between classical ballet performance and 
selected fitness parameters. 
 
CONSENT FORM FOR PARTICIPANTS 
 
I have read the Information Sheet concerning this project and I understand what it is 
about. All my questions have been answered to my satisfaction. I understand that I 
am free to request further information at any stage. I know that: - 
 
1. My participation in the project is entirely voluntary; 
 
2. I am free to withdraw from the project at any time without any 
disadvantage; 
 
3. The data will be destroyed at the conclusion of the project but any raw data 
on which the results of the project depend will be retained in secure storage 
for five years, after which it will be destroyed; 
 
4. I understand that I may be subjected to minimal discomfort as the test 
involves a maximal performance test 
 
5. The results of the project might be published but my anonymity will be 
preserved. 
 
 
I agree to take part in this project. 
 
 
 
………………………………………..                                                    
……………… 
      (signature of participant)                                                                              (date) 
 
 
 
This project has been reviewed and approved by the Ethics Committee of the 
School of Sport, Performing Arts and Leisure, University of Wolverhampton. 
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Associations between fitness and performance - Raw data 
I
D  
Gend
er 
 
Ag
e 
 
Heig
ht 
 
Weig
ht 
 
BMI 
 
Wai
st 
 
Hip
s 
 
waist-
hips  
ratio 
Ar
m 
 
Thi
gh 
 
Ca
lf 
 
SF 
bice
p 
SF  
Tric
ep 
SF  
subsc
ap 
SF 
 
supraili
ac 
% BF  
(DW 
4site) 
Sau
té 
 
R 
ho
p 
L 
 
ho
p 
Di
ff 
press 
ups 
plan
k  
(sec
s) 
1  F 20 1.66 53.4 
19.378
72 65 
89.
3 
1.3738
46 22 
45.
5 35 6 11.2 7.9 4.8 19.6 33 25 26 -1 36 124 
2  F 19 1.62 47 
17.908
86 
63.
4 
86.
4 
1.3627
76 
24.
3 
50.
5 
35.
7 5.8 13.3 11.4 7.6 22.46 41 30 34 -4 39 46 
3  F 19 
1.63
4 54 
20.225
05 
66.
1 
87.
6 
1.3252
65 
22.
4 
55.
4 
35.
1 6.5 9.8 6.9 5.8 18.86 37 23 25 -2 37 53 
5  F 19 1.66 51 
18.507
77 65 81 
1.2461
54 
21.
7 
49.
7 
33.
5 4.8 9 8.8 4.8 18.12 30 28 24 4 0 0 
7  F 19 1.61 47 
18.132
02 62 
82.
1 
1.3241
94 
21.
4 
48.
3 
34.
5 5.8 12.1 8.4 7 20.68 36 24 25 -1 50 96 
8  F 19 1.62 46.4 
17.680
23 
57.
3 
84.
3 
1.4712
04 22 46 
32.
5 6 13.3 9.8 8.6 22.32 37 29 29 0 45 122 
1
3  F 19 1.68 54 
19.132
65 64 85 
1.3281
25 24 48 34 6 13.6 7.5 6.6 20.83 36 25 25 0 63 182 
1
4  F 19 1.58 44.6 
17.865
73 
58.
5 
84.
3 
1.4410
26 
22.
2 
49.
3 
31.
4 6.3 15.3 10 7.1 22.67 37 25 22 3 40 180 
1
5  F 19 1.63 51 
19.195
3 62 86 
1.3870
97 
23.
6 48 
32.
5 7.8 14.6 7.8 6.6 22 27 23 22 1 48 123 
1
6  F 19 
1.65
3 54.2 
19.835
98 
68.
3 
86.
5 
1.2664
71 
24.
1 
47.
5 
34.
6 8.3 14.2 10 12.3 24.62 30 27 25 2 30 123 
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1
8  F 18 
1.70
8 
53.0
5 
18.184
85 
66.
6 
81.
4 
1.2222
22 
22.
1 51 
33.
1 5.4 15 10.5 7.2 22.46 31 27 30 -3 42 134 
1
9  F 20 
1.67
5 50 
17.821
34 62 
78.
7 
1.2693
55 29 
45.
7 34 4.5 9.5 8 5 17.93 31 25 25 0 49 180 
2
0  F 18 1.62 47 
17.908
86 
57.
5 
86.
3 
1.5008
7 
22.
8 
49.
2 
32.
6 3.3 10 9.6 4.8 18.26    0 59 138 
2
3  M 19 
1.77
1 69.3 
22.095
11 
72.
4 
85.
2 
1.1767
96 
29.
1 
50.
1 36 2.7 5.3 8.6 4.4 8.89 53 40 41 -1 58 195 
2
4  M 21 1.71 
66.2
5 
22.656
54 
76.
5 
83.
5 
1.0915
03 
25.
2 
50.
5 33 3.7 5.6 8 4.1 8.75 45 26 28 -2 70 180 
2
6  M 19 1.8 69.4 
21.419
75 
77.
1 
88.
6 
1.1491
57 
28.
3 
53.
4 36 3 6 8.4 4.4 9.32 62 40 38 2 53 63 
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ID 
R  
passive 
L  
passive 
passive  
diff 
R  
active 
L  
active 
active  
diff HR1 HR2 HR3 HR4 HR5 Co-ord. Control Spacing placing skill timing dynamics expression communication x-factor 
1 154 147 7 118 120 -2 104 108 136 140 168 7 7 7 7 7 7 7 7 7 7 
2 179 178 1 125 143 -18 151 176 196 202  9 9 9.5 9.5 9.5 9.5 9.5 9.5 9 9.5 
3 164 163 1 145 146 -1 44 108 144 176 180 7.5 7 7 6.5 7 7 7 7.5 7.5 7.5 
5 166 160 6 135 130 5 88 104 160 176 196 7.5 7.5 7.5 7 7.5 7.5 7.5 7.5 7.5 7.5 
7 149 156 -7 120 144 -24 88 132 150 172 220 7 7 7.5 6.5 7 7.5 7.5 7 7 7 
8 159 150 9 125 136 -11 72 96 116 144 168 8.5 8.5 9 8.5 8.5 9 9 9 9.5 9 
13 157 153 4 121 132 -11 100 112 144 160 168 7 6.5 7 7 7 7 6.5 6.5 5.5 5.5 
14 156 159 -3 129 132 -3 72 92 144 156 168 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8 8.5 8 
15 156 156 0 132 119 13 100 132 160 184 196 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7 
16 172 173 -1 133 144 -11 80 76 112 148 184 7.5 7 7.5 7 7 7 7 7.5 7.5 7 
18 143 142 1 101 119 -18 76 84 104 124 132 7.5 7.5 7.5 7 7 7 7 7.5 7 7 
19 177 166 11 140 138 2 98 112 141 163 182 9 8.5 8.5 8.5 8 8.5 8.5 8.5 9 8 
20 159 166 -7 127 132 -5 128 128 172 160 176 9 8.5 9 8.5 8 8.5 9 9 8.5 8 
23 141 143 -2 108 106 2 120 128 160 172 184 8.5 8.5 8 8 8 8.5 8.5 8 8 6 
24 135 140 -5 91 92 -1 96 116 140 160 172 5.5 5.5 6 5.5 6 6 6 5.5 6 5 
26 150 152 -2 112 104 8 112 116 124 168 224 9 9 9 9 8.5 9 9 9 9.5 9 
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School of Sport, Performing Arts and Leisure 
University of Wolverhampton 
 
Primary researcher: Emily Twitchett 
Supervising Researcher: Dr. Matthew Wyon, Prof. Yiannis Koutedakis, Prof. 
Alan Nevill 
 
Do increases in selected fitness parameters affect ballet 
performance? 
Objective: The objective of this project is to assess whether changes in physical 
fitness can affect ballet performance 
 
Programme: Previous research in dance has been observational in nature and has 
concentrated on selected fitness attributes including aerobic and anaerobic capacities, 
Muscular strength, anthropometric attributes and types of injury and their occurrence. Little 
has been published in relation to the efforts of physical fitness improvements on either 
dance performance or injury rates. This study aims to investigate the fitness parameters that 
best predict performance through a controlled intervention programme. In this programme, 
possible increases in physical fitness will be studied in relation to concomitant changes in 
dance performance (incorporating both physical and aesthetic components). The 
intervention will take the form of specialised training sessions that are integrated into 
existing dance schedules. 
  As a participant, you will be required to participate in fitness and performance tests. Then 
you will be randomly assigned to either a training group or a control group. The training 
group will then undergo 8-12 weeks of training integrated into existing dance schedules 
which aims to develop aspects of fitness which are important to dance performance. 
Following this training period all participants will repeat the tests which were carried out at 
the start of the study. There are only minimal physical risks involved in this study and the 
possible social and psychological risks are minimal. 
 
Confidentiality: All data will be strictly confidential and in line with the code of conduct 
of the British Association of Sport and Exercise Sciences. Your data will be stored in a 
locked cabinet at the University of Wolverhampton and eventually destroyed. All data will 
be recorded without names; a code will be created to record data which will preserve 
anonymity. The only people with access to the data will be the primary researcher and 
other named researchers 
You are free to withdraw from participating in this research and withdraw use of your data at any 
time without any negative pressure or consequences. 
 
Please place a cross in the box to confirm that: 
 
1. you have read and understand the information sheet for the above study and 
have had  
opportunity to ask questions 
 
2. understand that my participation is voluntary and that I am free to withdraw at 
any time,  
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without giving any reason. 
 
3. agree to take part in the above study and agree to the terms set. 
 
Name of participant:______________________________________________ 
 
Signature of participant:___________________________________________ 
 
Date 
 
 
 
If you require further information, please contact: Emily Twitchett (University of 
Wolverhampton) Telephone: 01902 323303 (9am-5pm), or email 
E.Twitchett@wlv.ac.uk  
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Intervention study – comparison of groups SPSS output 
Oneway 
 
 ANOVA 
 
  
Sum of 
Squares df Mean Square F Sig. 
coord Between Groups 
.118 1 .118 .441 .517 
Within Groups 4.000 15 .267     
Total 4.118 16       
control Between Groups 2.562 1 2.562 5.087 .039 
Within Groups 7.556 15 .504     
Total 10.118 16       
spacing Between Groups 
.641 1 .641 1.395 .256 
Within Groups 6.889 15 .459     
Total 7.529 16       
placing Between Groups 
.160 1 .160 .247 .626 
Within Groups 9.722 15 .648     
Total 9.882 16       
skill Between Groups 5.229 1 5.229 4.152 .060 
Within Groups 18.889 15 1.259     
Total 24.118 16       
timing Between Groups 
.013 1 .013 .016 .901 
Within Groups 12.222 15 .815     
Total 12.235 16       
dynamics Between Groups 1.118 1 1.118 1.914 .187 
Within Groups 8.764 15 .584     
Total 9.882 16       
expression Between Groups 
.003 1 .003 .010 .923 
Within Groups 5.056 15 .337     
Total 5.059 16       
communication Between Groups 2.941 1 2.941 4.412 .053 
Within Groups 10.000 15 .667     
Total 12.941 16       
xfactor Between Groups 3.243 1 3.243 5.481 .033 
Within Groups 8.875 15 .592     
Total 12.118 16       
total Between Groups 93.337 1 93.337 5.744 .030 
Within Groups 243.722 15 16.248     
Total 337.059 16       
 
 
206 
 
 
School of Sport, Performing Arts and Leisure 
University of Wolverhampton 
 
Primary researcher: Emily Twitchett 
Supervising Researcher: Dr. Matthew Wyon, Prof. Yiannis Koutedakis, Prof. 
Alan Nevill 
 
Does Physical Fitness Affect Injury Occurrence and Time Loss Due 
to Injury in Elite Vocational Ballet Students? 
 
Objective: The objective of this project is to assess whether physical fitness can 
affect the number of injuries sustained in dancers and the amount of time it takes to 
recover from them 
 
Programme: Previous research in dance has been observational in nature and has 
concentrated on selected fitness attributes including aerobic and anaerobic capacities, 
Muscular strength, anthropometric attributes and types of injury and their occurrence. Little 
has been published in relation to the efforts of physical fitness improvements on either 
dance performance or injury rates. This study aims to investigate the relationship between 
fitness and injury.  As a participant, you will be required to participate in fitness tests. Then 
data will be collected by your physiotherapist regarding the nature and severity of any 
injury you may suffer over the performance period, which will be compared to your fitness 
levels at the start of the study. This information will remain strictly confidential at all times. 
There are only minimal physical risks involved in this study and the possible social and 
psychological risks are minimal. 
 
Confidentiality: All data will be strictly confidential and in line with the code of conduct 
of the British Association of Sport and Exercise Sciences. Your data will be stored in a 
locked cabinet at the University of Wolverhampton and eventually destroyed. All data will 
be recorded without names; a code will be created to record data which will preserve 
anonymity. The only people with access to the data will be the primary researcher and 
other named researchers 
You are free to withdraw from participating in this research and withdraw use of your data at any 
time without any negative pressure or consequences. 
 
Please place a cross in the box to confirm that: 
 
4. you have read and understand the information sheet for the above study and 
have had  
opportunity to ask questions 
 
5. understand that my participation is voluntary and that I am free to withdraw at 
any time,  
without giving any reason. 
 
6. agree to take part in the above study and agree to the terms set. 
 
Name of participant:______________________________________________ 
207 
 
 
Signature of participant:___________________________________________ 
 
Date 
 
 
 
If you require further information, please contact: Emily Twitchett (University of 
Wolverhampton) Telephone: 01902 323303 (9am-5pm), or email 
E.Twitchett@wlv.ac.uk 
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Fitness and injury - Raw data 
I
D 
heig
ht 
weig
ht BMI 
wai
st 
hip
s 
ar
m 
thig
h 
cal
f 
SF  
bice
p 
SF  
Trice
p 
SF  
subsc
ap 
SF  
supraili
ac 
SF  
abd
o 
SF  
thig
h 
SF 
 
cal
f 
saut
e 
r 
hop 
l 
hop 
Pre
ss 
 ups 
plan
k  
(sec
s) 
1 1.66 53.4 
19.378
72 65 
89.
3 22 
45.
5 35 6 11.2 7.9 4.8 9.8 
16.
3 13 33 25 26 36 124 
3 
1.63
4 54 
20.225
05 
66.
1 
87.
6 
22.
4 
55.
4 
35.
1 6.5 9.8 6.9 5.8 
10.
6 
18.
4 9.1 37 23 25 37 53 
5 1.66 51 
18.507
77 65 81 
21.
7 
49.
7 
33.
5 4.8 9 8.8 4.8 
10.
5 14 13 30 28 24 0 0 
7 1.61 47 
18.132
02 62 
82.
1 
21.
4 
48.
3 
34.
5 5.8 12.1 8.4 7 7.2 
21.
4 
17.
4 36 24 25 50 96 
8 1.62 46.4 
17.680
23 
57.
3 
84.
3 22 46 
32.
5 6 13.3 9.8 8.6 13 
17.
5 
14.
5 37 29 29 45 122 
9 
1.61
9 47.1 
17.969
14 
62.
1 80 21 
46.
6 
32.
8 4.2 7.8 8.9 5.2 8.3 
17.
1 8.2 42 28 28 58 95 
1
3 1.68 54 
19.132
65 64 85 24 48 34 6 13.6 7.5 6.6 8.7 15 9.5 36 25 25 63 182 
1
4 1.58 44.6 
17.865
73 
58.
5 
84.
3 
22.
2 
49.
3 
31.
4 6.3 15.3 10 7.1 
11.
5 
20.
2 
12.
3 37 25 22 40 180 
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1
5 1.63 51 
19.195
3 62 86 
23.
6 48 
32.
5 7.8 14.6 7.8 6.6 9.2 14 
12.
3 27 23 22 48 123 
1
6 
1.65
3 54.2 
19.835
98 
68.
3 
86.
5 
24.
1 
47.
5 
34.
6 8.3 14.2 10 12.3 20 
12.
5 9.5 30 27 25 30 123 
1
8 
1.70
8 
53.0
5 
18.184
85 
66.
6 
81.
4 
22.
1 51 
33.
1 5.4 15 10.5 7.2 
12.
7 14 
14.
7 31 27 30 42 134 
1
9 
1.67
5 50 
17.821
34 62 
78.
7 29 
45.
7 34 4.5 9.5 8 5 6.7 17 
11.
7 31 25 25 49 180 
2
0 1.62 47 
17.908
86 
57.
5 
86.
3 
22.
8 
49.
2 
32.
6 3.3 10 9.6 4.8 
11.
2 
16.
1 
11.
6    59 138 
2
3 
1.77
1 69.3 
22.095
11 
72.
4 
85.
2 
29.
1 
50.
1 36 2.7 5.3 8.6 4.4 6.1 6.6 4 53 40 41 58 195 
2
4 1.71 
66.2
5 
22.656
54 
76.
5 
83.
5 
25.
2 
50.
5 33 3.7 5.6 8 4.1 6.8 6.7 7.9 45 26 28 70 180 
2
6 1.8 69.4 
21.419
75 
77.
1 
88.
6 
28.
3 
53.
4 36 3 6 8.4 4.4 7.2 7.2 5.6 62 40 38 53 63 
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ID 
R 
passive 
R 
active diff 
L 
passive 
L 
active diff HR1 HR2 HR3 HR4 HR5  
days w/o 
class 
days w/o 
rehearsal 
days w/out 
perf 
site of 
injury occ @ site nature TA
1  154 118 36 147 120 27 104 108 136 140 168  0 0 0 
Lower 
back 1 O 
3  164 145 19 163 146 17 44 108 144 176 180  0 0 0 ankle 1 O 
5  166 135 31 160 130 30 88 104 160 176 196  4 7 0 ankle 1 A 
7  149 120 29 156 144 12 88 132 150 172 220  7 7 7 ankle 1 A 
                 
Upper 
back 1 A  
8  159 125 34 150 136 14 72 96 116 144 168  0 0 0 foot 1 O 
9  168 134 34 165 130 35 128 80 92 0 0  10 16 6 ankle 1 A 
13  157 121 36 153 132 21 100 112 144 160 168  15 10 10 ankle 1 O 
14  156 129 27 159 132 27 72 92 144 156 168  0 0 0  0  
15  156 132 24 156 119 37 100 132 160 184 196  0 0 0 
Upper 
back 1 O 
16  172 133 39 173 144 29 80 76 112 148 184  0 0 0 hip 1 O 
18  143 101 42 142 119 23 76 84 104 124 132  0 0 0  0  
19  177 140 37 166 138 28 98 112 141 163 182  0 0 0 foot 1 O 
20  159 127 32 166 132 34 128 128 172 160 176  28 35 13 foot 1 O 
23  141 108 33 143 106 37 120 128 160 172 184  0 0 0 hip 1 O 
                 
Lower 
back 1 O 
24  135 91 44 140 92 48 96 116 140 160 172  0 0 0 hip 1 O 
                 
Lower 
back 1 O 
                 ankle 1 O 
26  150 112 38 152 104 48 112 116 124 168 224  0 0 0  0  
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School of Sport, Performing Arts and Leisure 
University of Wolverhampton 
 
Primary researcher: Emily Twitchett 
Supervising Researcher: Dr. Matthew Wyon, Prof. Yiannis Koutedakis, Prof. 
Alan Nevill 
 
Is there a relationship between body characteristics and injury in 
ballet students? 
Objective: The objective of this project is to assess whether body characteristics 
such as somatotype and body fat percentage affect the nature and severity of 
injuries in ballet students. 
 
Programme: Previous research in dance has been observational in nature and has 
concentrated on selected fitness attributes including aerobic and anaerobic capacities, 
Muscular strength, anthropometric attributes and types of injury and their occurrence. Little 
has been published in relation to physical characteristics such as somatotype or body fat 
percentage and injury rates. This study aims to investigate this.  
  As a participant, you will be required to participate in a body composition assessment 
where a fully trained researcher will measure your height, weight, body fat, muscle mass 
and bone (via joint measurements). Then you will be asked to complete a simple 
questionnaire regarding any injuries you may have had in the last 12 months. There are 
only minimal physical risks involved in this study and the possible social and psychological 
risks are minimal. 
 
Confidentiality: All data will be strictly confidential and in line with the code of conduct 
of the British Association of Sport and Exercise Sciences. Your data will be stored in a 
locked cabinet at the University of Wolverhampton and eventually destroyed. All data will 
be recorded without names; a code will be created to record data which will preserve 
anonymity. The only people with access to the data will be the primary researcher and 
other named researchers 
You are free to withdraw from participating in this research and withdraw use of your data at any 
time without any negative pressure or consequences. 
 
Please place a cross in the box to confirm that: 
 
7. you have read and understand the information sheet for the above study and 
have had  
opportunity to ask questions 
 
8. understand that my participation is voluntary and that I am free to withdraw at 
any time,  
without giving any reason. 
 
9. agree to take part in the above study and agree to the terms set. 
 
Name of participant:______________________________________________ 
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Signature of participant:___________________________________________ 
 
Date 
 
 
 
If you require further information, please contact: Emily Twitchett (University of 
Wolverhampton) Telephone: 01902 323303 (9am-5pm), or email 
E.Twitchett@wlv.ac.uk  
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Body characteristics and injury - Raw data 
Endo Meso Ecto BF% Acute 
Days 
off 
after 
acute 
injury Overuse 
Days 
off after 
overuse 
injury 
total 
days 
affected 
2.5 0.5 5.5 10.20% 1 7 1 7 21 
3 0.5 0.24 12.70% 1 7 1 14 95 
4.6 2.4 4 19% 0 0 0 0 0 
4.5 2.4 4.2 15% 0 0 0 0 0 
3.8 2.8 4.3 17.60% 1 0 0 0 7 
2.8 1.4 4.6 14.60% 0 0 1 90 90 
2.5 2.7 2.6 13% 0 0 1 21 60 
1.3 5 1.8 7.20% 1 10 0 0 48 
3.5 3 4.5 21.96% 0 0 0 0 0 
5 4.5 1.5 20.22% 0 0 1 30 75 
5 3.4 3 20.55% 0 0 2 30 180 
4 3.4 4 16.41% 0 0 1 0 180 
3 3.6 5 13.81% 0 0 1 0 1 
4 4.8 4 17.14% 0 0 0 0 0 
3.5 3.2 4 16.67% 0 0 0 0 0 
2.5 4.2 3 16.41% 0 0 0 0 0 
3 3.7 4.5 13.40% 0 0 0 0 0 
3 3.6 4 14.52% 0 0 2 10 50 
4.5 3.6 3 19.14% 1 1 0 0 2 
4 4.7 3.5 18.75% 1 42 0 0 365 
4.5 4.1 4 18.19% 0 0 0 0 0 
3.5 4.2 3.5 16.82% 0 0 0 0 0 
4 4.7 2.5 16.80% 2 7 0 0 21 
3.5 5.1 2.5 15.58% 1 3 1 3 30 
3 3.7 3 13.04% 1 84 0 0 300 
2.5 3.1 6 14.11% 0 0 1 30 90 
4.5 4.9 3 18% 0 0 0 0 0 
4.5 3.9 3 19% 0 0 0 0 0 
3 3 4 15.50% 0 0 0 0 0 
4 3.2 3 16.10% 0 0 1 0 90 
3.5 3.7 3.5 16.10% 0 0 0 0 0 
3 3.4 5 14.80% 0 0 0 0 0 
3 5.4 3.5 14.70% 1 14 0 0 30 
2 5.3 2.5 10.10% 0 0 1 7 365 
3.5 6.3 1 14.90% 1 28 0 0 42 
4 5.7 3 18.60% 0 0 0 0 0 
3 5.3 1.5 13.30% 1 14 0 0 110 
2 6.4 1.5 12.60% 2 63 0 0 100 
2 5.4 2.5 11% 0 0 0 0 0 
3 6.2 2 13.60% 0 0 0 0 0 
3 6.1 2 16.60% 0 0 0 0 0 
4.5 3.4 3.5 18.40% 0 0 1 0 3 
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DVD’s and supplementary data 
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